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The Incidence of Primary Carcinoma of 
the Liver in the Southern Bantu. I. 
Critical Review of the Literature ! 


A. G. OetrLé * South African Institute for Medical 
Research, Johannesburg, Transvaal, South Africa 


A high relative frequency of carcinoma of the liver among different sec- 
tions of the Negro (Bantu) population of Southern Africa has often been 
reported and, in view of the relative rarity of this disease among European 
races, is recognized as a challenging problem in the demography of cancer. 

Unfortunately, certain limitations of the published statistics seem to 
have been disregarded, and a rather distorted view of the real incidence 
is prevalent. A recent leading article in The Lancet (1), for example, stated 
that “In South African natives primary cancer of the liver constitutes 
over 50 percent of all forms of cancer.’”’ Presumably this was a slight 
misquotation of Berman (2), whose figures actually referred to percentage 
of carcinomas, not of all cancers. Nevertheless this report is understand- 
able, as the figure of 50 percent had been published in South Africa, is 
still generally accepted (3), and has not been refuted. 

The limitations of the published South African figures are well recognized 
among pathologists in South Africa, as well as by critical observers outside 
the country. Steiner (4), for example, states, “It is important to remember 
that nearly all reported data deal with frequency relative to other tumors 
and not with true incidence rate or prevalence in standardized populations.” 
Dorn (5) has pointed out that existing data are “highly selective and do not 
provide a valid basis for generalizing to the total population,” concluding 
tentatively that “the incidence of primary liver cancer probably is some- 
what higher among Negroes in Africa than it is among Negroes in the 
United States. However, the incidence rate is comparatively low in both 
populations.” Gilliam (6) has also drawn attention to the fallacies in 
some of the South African literature, adding “Only those in position to 
make local and critical appraisal of these factors can estimate the sturdiness 
of these reeds upon which reliance must be placed.”’ This the present 
paper attempts to do. 

It should not be necessary to explain that critical examination of earlier 
work is not intended to detract from the credit due to those whose energy 


1 Received for publication May 17, 1956. 
2I wish to thank Dr. J. F. Murray, Dr. B. J. P. Becker, Dr. C. Berman, and Dr. J. Higginson for their com- 
ments on this manuscript and the National Cancer Association of South Africa for assistance. 
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and imagination led them to gather and publish facts when the potentiali- 
ties for cancer research in South Africa were little realized. The pitfalls 
of cancer statistics were not so obvious then, or, if recognized, fortunately 
did not dissuade the authors from drawing attention to clinical impression. 
Des Ligneris (7), for example, freely admitted that ‘“The time has not yet 
come to give a complete and true picture of cancer in South African 
natives.” 

Preliminary studies, however, have served their purpose in drawing at- 
tention to a condition and its peculiar features. They should, thereafter, 
be replaced by more critically designed investigations. Most of the earlier 
references to liver cancer in South Africa are listed in Berman’s publica- 
tions (2,8,9), but he did not comment on the relative value of these studies, 
their probable bias, nor the stringency of the criteria employed in diagnosis 
when he derived the hepatoma/carcinoma * ratio of 50 percent. This 
was a weighted average: Its bias will become more apparent below, but 
briefly it derived from the fact that the greatest proportion of his popula- 
tion consisted of young males from the Union and Mozambique, while the 
remainder were drawn from various general populations of the Union of 
South Africa, Portuguese East Africa, Kenya, Tanganyika, Uganda, 
Belgian Congo, Fernando Po, and French Equatorial Africa. 

Many sources of bias may be encountered in studies of diseases of the 
Bantu (10). If data are not statistically comparable the exact percentage 
from the addition of haphazard clusters cannot be taken too seriously, 
though they may demonstrate without reasonable doubt that hepatoma 
is common among these people. Epidemiologic statistics, however, should 
permit exact comparisons between different groups. This requires, first, 
that accuracy of the diagnostic methods employed shall be known, or at 
least comparable, and, second, that the characteristics of the parent popu- 
lations from which the samples are drawn shall be defined, at least as 
regards age and sex composition. In both these respects the literature on 
malignant hepatoma in the Bantu is deficient. The figures permit the 
calculation of ratios only (hepatomas per carcinoma, malignant tumor, 
necropsy, or hospital admission) in different groups. Age-specific rates 
were calculated by Berman for the age group 18 to 45 [(2) pp. 7, 9] but, as 
he included some cases over 50 years (1/1), even these rates are not very 
precise—quite apart from the wide range of the age group, which is exces- 
sive in view of uneven distribution of ages within the group. 

It is desirable, therefore, that this literature be re-examined in detail, 
with critical comments, especially as the original articles are not easily 
obtainable outside of South Africa. Additional evidence from Lourengo 
Marques will also be included. In a subsequent paper the preliminary 
results of an attempt to obtain more satisfactory statistics for the Johan- 
nesburg Bantu population will be presented. 


3 The term “hepatoma” is used in this paper as synonymous with “primary carcinoma of the liver” and includes 
both hepatocellular and cholangiocellular types. 


Journal of the National Cancer Institute 


REVIEW OF HEPATOMA IN THE BANTU 251 


Critical Review of Information Relating to Hepatoma in the Southern 
Bantu 


Cancer studies in primitive races tend to pass through similar develop- 
mental stages, and the growth of our knowledge of hepatoma in the Bantu 
is no exception to the general pattern. First there are explorers who, after 
a relatively short stay with a primitive race, conclude that cancer does not 
occur. They are followed by missionary doctors and district surgeons. 
Resistance and superstition tends to keep older age groups away from 
these doctors who, consequently, very seldom encounter cancer. Apart 
from isolated case reports, their statements take the form “After so many 
years of practice in this district I saw only so many cancers. By compari- 
son with its occurrence in European populations, cancer appears to be 
very rare in the natives.”” As mission and other hospitals are built, can- 
cers are encountered more often, although still infrequently; their figures 
are presented as ratios of cancers to other cases, e.g., to hospital admis- 
sions. Interpretation of such figures is difficult, as the pattern of disease 
differs greatly from that of more civilized regions, preventable diseases are 
much commoner, and social attitudes and treatment facilities affect hos- 
pital admissions. As laboratory and other services improve, other studies 
of cancer ratios follow, e.g., sex ratios (these at first ignore the sex ratios 
in the parent populations), necropsy, and biopsy ratios, all of which are 
compared directly with those obtaining in civilized communities—and 
inevitably are found to be different. Indeed it would have been more 
surprising to find the cancer ratios similar, since in the first place the age 
distribution of the primitive population invariably differs considerably 
from that of civilized communities. At length the attempt is made to 
relate the results to the parent population, culminating in age- and sex- 
specific rates and ratios, that for the first time enable direct demographic 
comparisons to be made, and lead eventually to the final stage of com- 
paring rates in environmental or cultural groups within the primitive 
people. 

For a disease as common as hepatoma is generally believed to be, the 
early literature on this neoplasm in the Bantu is remarkably deficient 
(12,13). Livingstone (14) noted that cancer was quite unknown among 
the Bakwains (Kwena tribe) of Bechuanaland (p. 127) and also in the 
Makoloto in Northern Rhodesia, north of the Chobe and Zambesi Rivers 
(p. 505). I can, in fact, find no 19th-century references to hepatoma in 
the Bantu. 

The 1901 (15) report of the medical superintendent of Addington Hos- 
pital, Durban, records 5 cancers of the liver in 16 malignant diseases 
treated, but does not state what race was affected. In the report for 1904 
(16), native patients were distinguished; 1 carcinoma of the breast and a 
sarcoma were recorded among 694 native in-patients but no hepatomas. 

The first authenticated report of hepatoma in indigenous races came from 
Grahamstown, in the Eastern Cape Province, in 1905, when Bruce-Bays 
(17) described the fourth case of hepatoma under his care, in a ‘Kaffir,”’ 
i.e., one of the Bantu, about 40 years of age, who died suddenly from intra- 
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peritoneal hemorrhage. The case was confirmed by necropsy, the liver 
weighing 7 lbs. 7 oz. (3,373 gm.), half consisting of neoplasm. Micro- 
scopically the tumor was diagnosed as multiple cylindrical carcinoma. 
The detailed description suggests either an adenoid hepatocellular or 
cholangiocellular hepatoma. 

In 1906 (18) Hawes described 3 cases in Hottentots from the same 
town, all being “of the better type.”” (He does not say whether this refers 
to their social standing, nutrition, or dilution with white ancestry, but 
possibly includes all three.) All cases were confirmed by necropsy and 
histologic examination, and the published photomicrographs enable more 
up-to-date histopathologic diagnosis. The first, a male 17 years old, 
had what appears to have been a cholangiocellular tumor, associated with 
biliary cirrhosis, and bile-duct proliferation. The second was a female, 
age 32, with hepatocellular tumor and cirrhosis. The third, a male, age 
16, revealed a hepatocellular hepatoma, partly adenoid, associated with 
coarse cirrhosis without bile-duct proliferation. These tumors in all 
cases were nodular and appeared to start in the right lobe. The clinical 
course was short. Hawes emphasized the early ages of incidence and the 
striking fact of so rare a condition appearing in a race in which tumors 
of any kind were regarded as uncommon. These detailed studies were 
made possible by the presence and assistance of the Colonial Bacterio- 
logical Institute in Grahamstown. 

Comment.—It is noteworthy to what extent studies on hepatoma have been 
dependent on the availability of a pathologic institution. The Colonial 
Bacteriological Laboratory in Grahamstown was set up in 1892 for study of 
animal diseases, but occasionally tumors were investigated for private med- 
ical practitioners [Edington, report (19)]. Thus the first well documented 
South African records of hepatoma were made possible. Since the closure 
of the Institute, to my knowledge, not a single case of hepatoma has been 
reported from Grahamstown. 

The cases reported by Hawes were all in Hottentots, a race distinct from the 

Bantu, and, at this time and place, certainly racially admixed with Europeans. 
In South Africa, however, the term ‘“‘Hottentot’’ is often loosely applied to 
lighter-skinned persons and might include Cape Malays or Bantu-European 
mulattoes, as well as persons derived from Hottentot or Bush ancestors. 
The association of the tumor with cirrhosis in all cases is striking. 

The first attempt to survey the incidence of malignant disease in the 
Bantu was made by the Natal Cancer Research Committee, formed in 
October 1905 (20), which submitted reports in 1907 (21) and 1910 (22). 
They attempted to record all cases of malignant disease in European, 
Indian, and Bantu populations of Natal and Zululand. In this, as they 
acknowledge, they failed. The Bantu population was estimated for 1908 
as 976,222, of which only 13.7 percent were 40 years of age and over. In 
the 4-year period 1906-09, 5 deaths from cancer were recorded in pure 
Bantu, 3 diagnoses being confirmed microscopically. [I have excluded 3 
cases, viz., a Griqua (one of the Hottentot tribes), a St. Helena Negress, 
and a half-caste, since all these would certainly have been of mixed Euraf- 
rican descent.) Including these mixed cases the cancer death rate was 
calculated as 0.21 per 100,000 per annum (20); excluding those of mixed 
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race, it is approximately 0.13 per 100,000. Two of the 5 Bantu cases 
suffered from hepatomas, confirmed microscopically. In addition, 20 
cancers were diagnosed by biopsy—none were hepatomas. Clinical records 
of another 8 melanotic sarcomas of the foot, diagnosed clinically in 1905 
and 1906, were also mentioned by Watkins-Pitchford (22). 
Comment.—The quantitative results may be ignored, yet it is interesting that 
in this first survey they encountered many cancers which subsequent demo- 
graphic studies suggest may be significantly frequent in the Bantu races (car- 
cinomas of liver, cervix uteri, and conjunctiva; rodent ulcer in an albino 
Bantu; and melanotic sarcomas of the foot). 

In 1910, Dr. G. A. Casalis reported to the South African Medical 
Congress that he attended an operation by Dr. Temple Mursell in Johan- 
nesburg on a pure Mozambique boy for adenocarcinoma of the liver (23). 

Comment.—This is the first reference to hepatoma in the Mozambique 
Bantu, a group later shown to be particularly susceptible. 

It is interesting to note that 2 reports of cancer in the Bantu of Basuto- 
land (23) and the adjoining Orange Free State (24) do not mention hepa- 
toma among these people. They do not state whether necropsies were 
carried out, so it is possible that their cases were limited to cancers of 
the accessible organs. 

A series of reports of the Johannesburg Medical Officer of Health, 
Charles Porter, recorded high frequencies of cancer of the liver since 
1910 (report for 1 July 1906-30 June 1909 [(25), pp. 22, 23], when cancer 
of the liver was mentioned as the cause of death in 21 out of 48 deaths 
from cancer in South African Colored. In the term ‘‘Colored,’’ Porter 
embraced Bantu (the preponderant group) and the mixed races, but 
excluded Asiatics. In his report for the year ending 30 June 1911 (26), 
the Bantu and mixed populations were distinguished. In the Bantu, 
hepatoma was recorded as the cause of death in 17 out of 26 due to cancer. 
Each subsequent report mentioned numerous liver cancers in the Bantu 
and also in Eurafricans (27-29). From the 1917 (30) report (p. 10) and 
from an annotation in the Transvaal Medical Journal (31), it is evident 
that these figures included miners in the Johannesburg area. From 1921 
onward, “non-resident Bantu’’ were distinguished and accounted for 
about a third of the deaths from cancer. Presumably these were miners, 
but the percentage of hepatomas occurring in nonresidents is unfortu- 
nately not stated. 

In 1925 (32) this report analyzed the cancer mortality in Johannesburg 
for the decennium July 1914 to June 1924, and showed the percentages 
for whites to range from 0.62 per 1,000 to 0.78 per 1,000. The corre- 
sponding figure for Bantu was as low as 0.08, and Porter comments that 
the population was composed mainly of young males, the ratio of females 
to males being about 1:5.5. He also calculated the ratios of different 
cancers as causes of death, and, among the Bantu, cancer of the liver 
represented 52.04 percent, that of the stomach coming second with 24.56 
percent. 


Comment.—Despite the remarkable observations of mortality in these 
reports, Porter made no comment on the frequency of hepatoma, the crude 
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absolute incidence of which can be calculated from his crude cancer death 
rate (0.08/1,000) and the hepatoma ratio (52.04%) as 4.16 per 100,000 of this 
preponderantly young male population. These observations, referring as 
they do to a mixed urban and mining population of both sexes, are difficult to 
interpret and were more or less ignored, Berman being the only author to re- 
fertothem. The high proportion of cases of carcinoma of the stomach men- 
tioned in this population is open to question in the light of subsequent infor- 
mation on these people. 


Attention was first drawn to the relative frequency of hepatoma in the 
Bantu in the Annual Report for the South African Institute for Medical 
Research, for 1920 [(33), p. 34], presumably by Pirie, who was then Super- 
intendent of the Routine Division of this Institution. Pirie (34) analyzed 
the histopathologic material submitted from Bantu patients between 
1912 and 1920, finding 46 sarcomas and 93 carcinomas, 52 of which had 
been diagnosed as hepatoma. Although he rejected 16 hepatomas as 
unproved, this remained the commonest carcinoma. Of the 36 cases 
whose diagnosis he accepted, 28 were hepatocellular, 3 cholangiocellular, 
and 5 mixed (of these, 3 were probably hepatocellular and 2 probably 
a mixture of hepatocellular and cholangiocellular). As his youngest 
case was a Zulu of 10 years, he concluded that diet was probably not 
responsible for the tumors. He admitted that the material was not a 
fair cross section, since most came from young males (the Institute was 
then handling a large amount of material from the mines). However, 
he found for hepatomas ‘‘young adult males (mine boys) undoubtedly 
predominating.” Of the 29 male cases, 20 are recorded as miners. In 
14 the age is given, viz., “about 10,” 14, 19, 19, 20, 23, 25, 29, “about 
30,” 32, 37, and 3 “about 50,” 7.e., cases occurred with approximately 
equal frequency in each decade from the second to the fifth. The state 
of the liver could be assessed in 33, and of these 31 were demonstrably 
cirrhotic. Since ova of schistosomes had been detected in 10 of the 36 
cases, and in 4 were found in the liver substance, Pirie suggested that 
schistosomiasis might be a common cause of this cirrhosis, though not 
the only cause. In support of this, Pirie quoted Turner and Brebner’s 
findings (35) that schistosomiasis was encountered in 56 out of 57 East 
Coast natives (Mozambique and Nyasa) dying of cerebrospinal menin- 
gitis, and in 8 of the 56 the liver was macroscopically cirrhotic. Pirie 
added that in 16 cases at this Institute schistosomiasis was associated 
with cirrhosis, though extreme pipe-stem cirrhosis was not encountered. 
He postulated that schistosomiasis was probably the most common cause 
of the cirrhosis of the liver so commonly seen in South African natives, 
and, as such, was a factor in the causation of the relatively common hepatic 
carcinoma occurring among them (p. 90). This view was modified, 
presumably by Pirie, in the Annual Report of this Institute for 1922 
(36) where it is stated that 19 further cases of primary carcinoma of the 
liver had been noted, of which 6 showed ova and 6 did not give any indi- 
cations of either past or present infestation. The writer therefore con- 
cluded that “although Schistosomiasis may be one factor in accounting 
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for the striking relative frequency of primary cancer of the liver amongst 
South African Natives, it is by no means the only one.” (p. 34). 
Comment.—Pirie’s studies very strikingly demonstrated a high frequency 

of hepatoma in the Bantu. The ages quoted indicate that the tumors may 
develop at a remarkably early age for carcinoma, but also, in view of the 
young age distribution of the population, could suggest that the condition, like 
most other carcinomas, becomes commoner with increasing age. He noted 
its predominantly hepatocellular character—under 10 percent being purely 
cholangiocellular, and its frequent association with cirrhosis of the liver (94% 
of 33 cases). His conclusions on the probable association between schistoso- 
miasis and cirrhosis may be questioned, for schistosomiasis was exceedingly 
common (98%) in East Coast natives. The demonstration of schistosomiasis 
in 16 out of 55 patients with hepatomas therefore may indicate no more than 
the presence of East Coast natives in this series. 


Pirie’s publication revived interest in malignant diseases among the 
Bantu, and several references to hepatoma in mine Bantu followed (37- 
40). In 1924 Leipoldt (41) wrote a note warning against “unwarranted 
speculation” in discussions on the etiology of cancer, commenting that 
the confession of certain medical men to having seen little or no cancer 
among such primitive peoples “has a certain negative value, as much, 
perhaps, as that of a witness for the defense who states that he never 
saw the prisoner commit the crime.’”’ From his own experience he quotes 
2 sarcomas in 2,580 native patients and includes figures supplied to Dr. 
Brock by Dr. Macfarlane (42), Principal Medical Officer for Basutoland, 
giving the cancers seen in 1921 and 1922. Seventy-two cancers were 
reported, which included 5 sarcomas of the liver and 2 carcinomas of this 
organ. Malignant disease of the liver (7 cases) was exceeded in frequency 
by carcinoma of the rectum (19 cases) and of the uterus (8 cases). 

Comment.—The method of diagnosis in Macfarlane’s series is not given, 
nor are the hospital size and number of patients studied. The diagnoses of 5 
sarcomas of the liver may be doubted without more evidence, as hepatic sar- 
coma is extremely rare; these tumors were probably carcinomas. The 
accuracy of the series is also open to doubt in view of the variation recorded 


between successive years—in 1921 no epitheliomas of the rectum were 
recorded whereas in 1922 there were 19. 


In 1925 MacVicar (43) reported 141 cases of malignant disease in 10,000 
in-patients treated at the Victoria Hospital, Lovedale, which serves a 
rural Bantu population, predominantly of the Xhosa tribes in the Eastern 
Cape Province. The site of origin was known in 127 cases, 97 being car- 
cinomas, and, of these, hepatomas preponderated (22 cases). The method 
of diagnosis was not given. MacVicar commented that “cancer of the 
liver is common in comparatively young men, and even boys,’’ the age 
distribution being 13 to 68 years, the average being 44 years, and the 
sex ratio 10:1 in favor of males. Schistosomiasis was regarded as the 
etiologic factor. 


Comment.—Age and sex distribution of the hospital patients was not 
mentioned, nor the stringency of the diagnostic methods. The ratio of 
hepatoma to cases of malignant disease was 22:141 (15.6%) and hepatoma to 
carcinoma 22:97 or 22.7 percent. This tumor represented 0.22 percent of 
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admissions. It is noteworthy that from a relatively older population, the 
average age is greater, and the maximum age higher, than in Pirie’s series. 


In 1927 the first of des Ligneris’ surveys of cancer in the Bantu patients 
at Elim Hospital, Northern Transvaal, was published (44). The report 
covered the period 1906-26 (13,170 in-patients) and the entire material 
was confirmed histologically, necropsy being performed in 90 percent of 
deaths. Of 97 malignant tumors, there were 58 sarcomas, 17 melanomas, 
6 carcinomas of the skin, 15 mixed tumors of salivary glands, and 1 
neuroglioma. In addition, there was an adenocarcinoma whose origin 
could not be ascertained beyond that it arose in liver, pancreas, or stomach. 
No definite case of hepatoma was reported, despite the marked prevalence 
of cirrhosis and schistosomiasis in the population. 


Comment.—The absence of hepatomas from this series is striking. 
Attempts have been made to explain it on the grounds that the male popula- 
tion at Elim was poorly represented, that adult males attended witch doctors, 
and that mainly young women and children attended this hospital [Keen 
(45)]. This view is not based on any direct evidence nor is it supported by 
the sex ratio of 44 males to 53 females given in des Ligneris’ paper. 

Dr. Rosset, who is at present Superintendent of Elim Hospital, permitted 
me to examine the records, and the results of samples drawn from the hospital 
population are submitted in table 1. The ages stated in the hospital records 
represent rough estimates and cannot be regarded as precise. 

It is evident, however, that if there has been a trend over the years, it has 
been toward greater attendance by younger patients, for whom a marked 
increase may be noted. Maternity services have also grown steadily, as 
evidenced by the number of newborns. In most years there was a preponder- 


TABLE 1.—Survey of Bantu patients at Elim Hospital, according to age and sex 





1923-24 1929-30 1934-35 1953 & 1954 





Male Female | Male Female | Male Female | Male Female 





Newborn 1 0 6 6 6 8 40 57 
0-4 8 6 9 9 13 6 43 37 
5-14 12 13 20 13 22 14 49 28 

15-24 24 30 24 31 41 14 50 78 
25-34 18 29 22 62 46 32 25 78 
35-44 19 26 32 32 17 19 20 27 
45-54 9 10 14 17 5 10 13 11 
55-64 6 7 2 5 7 5 4 16 
65-74 4 2 4 2 2 1 9 7 
75-84 1 0 0 0 0 0 7 1 
Unknown 


1 
Total in sample* 102 123 133 177 159 110 260 340 











Total patients 1, 132 1, 558 1, 349 12, 000 
Totals 
20 19 29 22 35 20 92 65 
Sex ratio 1. 05 1. 31 1.75 1. 41 
15-34 42 59 93 87 46 75 156 
Sex ratio 0.71 0. 49 1. 89 0. 48 
35+ 39 45 52 56 31 3 
Sex ratio 0. 87 0. 93 0. 86 0. 85 

















*Sample totals in each period represent 20% of hospital admissions except for 1953 and 1954 where they comprise 


only 5%. 


tExcluding newborns. 
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ance of females between the ages of 15 and 34, which may be explained by the 
tendency for young males to be drawn away by employment in mines and 
industries elsewhere, but the number of older males attending the hospital is 
adequate confirmation of des Ligneris’ contention that he did not think “that 
Natives who come to consult the white medicine-man for all sorts of internal 
troubles which were uninfluenced by Native medicines would fail to come just 
when the trouble is cancer (of which they know nothing), whilst they came 
in large numbers when their bad state of health was due, for example, to 
tuberculosis.”” (44). 

How then can the apparent increase in liver cancer at Elim Hospital be 
explained? It seems not unlikely to the writer that much of this apparent 
increase can be attributed to secular changes in the spectrum of diseases 
treated in admissions to this hospital. In 1923-24, venereal diseases 
accounted for 70 percent of admissions, in 1929-30 the figure was 59 percent, 
in 1934-35 it was 52 percent, while in recent years the proportion has become 
insignificant, as a result of the introduction of penicillin therapy. The 
hospital populations for these different periods are not really comparable, 
therefore, and even in the absence of a real change in cancer incidence one 
might expect to find an apparent increase in cancer frequency. 


In the same year Beyers (46) analyzed the admissions to the non- 
European wards of the Johannesburg Hospital between 1921 and 1926. 
Of 106 cases of malignant disease there were 75 carcinomas, 22 being 
hepatomas, and he concluded that hepatoma was the most common form 
of malignant disease among the Bantu, the average age being 40 and the 
youngest 17. 


Comment.—The method of diagnosis is not stated, but Beyers says that 
he excluded all doubtful cases and enumerated “only those where the diag- 
nosis rests on pathological or operation findings or on reasonable clinical 
grounds.” He did not comment on the adequacy of hospital records. 
Although details are not given regarding the age and sex composition of the 
hospital population, it seems probable that there was a distinct preponderance 
of male patients at that time, although the figure of 5.5 males to every female 
in the city given by the Medical Officer of Health (32) included the Bantu 
miners in the city area, who would have been treated at Mine hospitals and 
were thus omitted from Beyers’ study. Beyers’ publication had the unusual 
distinction of being accompanied by an editorial disclaimer (47), which, 
severe though it may seem, indicates that the limitations of such statistics 
were well appreciated in 1927. 


Beyers also quoted figures provided by Orenstein (48) derived from 13 
mine hospitals on the Witwatersrand for the 6 years 1919-25, covering 
200,000 patients. Among these, 49 cases of malignant disease were 
diagnosed, 37 being carcinomas and 12 sarcomas. Thirty carcinomas and 
8 sarcomas were said to have arisen in the liver. 


Comment.—Probably all these hepatic “sarcomas” were primary car- 
cinomas of the liver; if so, hepatoma accounted for 38 out of 49 malignancies 
(78%) and 38 out of 45 carcinomas (84%). This was the first demonstration, 
apart from Pirie’s evidence, that the ratio of hepatoma to other malignant 
tumors was extraordinarily high in Bantu miners. 


In 1929 (49) and 1932 (50), Fischer published 2 series of consecutive 
necropsies carried out on Bantu miners at the City Deep Central Native 
Hospital, Johannesburg, over the 10-year period 1922-31 inclusive. 


Vol. 17, No. 3, September 1956 








258 OETTLE 


Accidental deaths are excluded. A total of 1,963 necropsies was carried 
out by 16 mine medical officers (apart from Fischer, not pathologists by 
training) and histologic examinations were made at the South African 
Institute for Medical Research. In the first report (49) on 1,042 cases, 
it is stated that multilobular cirrhosis was found in 10 percent of all East 
Coast natives and in 2.5 percent of all Union natives. The first series 
yielded 13 malignancies, 9 out of the 11 carcinomas being hepatomas, of 
which 7 were confirmed histologically. All these carcinomas occurred in 
Portuguese East African natives. In the second report (50), it was noted 
that schistosomiasis was found in consecutive necropsies on 66.5 percent 
of 185 East Coast natives and in 2.1 percent of 141 Union natives examined. 
Over the whole period they found 22 malignancies, 19 being carcinomatous, 
and of these 16 affected the liver. 


Comment.—In his 1932 paper, Fischer stated that he had performed 412 
of 561 necropsies carried out in the period 1928 to 1931. In a subsequent 
paper (51), he states that as Medical Research Officer to the Rand Mines, 
Ltd., he carried out all autopsies from August 1926 to September 1939. The 
discrepancy is difficult to explain although Berman (personal communication) 
has suggested that the clinicians may have signed some of Fischer’s necropsy 
reports. If this is so, Fischer’s series of necropsies will have the added 
advantage of both consistency and validity of diagnostic criteria since a 
trained pathologist was involved. 

Fischer’s papers strikingly demonstrate the differences between the East 
Coast and Union natives as regards their liability to schistosomiasis, multi- 
lobular cirrhosis of the liver, and hepatoma. He did not give the proportion 
of East Coast natives in mine employ, but from 1928 this was controlled by 
the Mozambique convention (52) and was gradually reduced. In the second 
series he quotes 326 consecutive necropsies, 57 percent of which were on 
East Coast miners. From figures supplied to me by the Transvaal and 
Orange Free State Chamber of Mines it is evident that, in general, at this 
time East Coast natives represented less than 50 percent of the Transvaal 
Bantu miners, and the preponderance of cancers in East Coast natives 
referred to in Fischer’s first series cannot be explained by a relative preponder- 
ance of these laborers in the mining population. 

In the assessment of the prevalence of schistosomiasis it must be borne in 
mind that the actual rates of infection are much higher than macroscopic 
appearances indicate. Higginson and De Meillon (53) have shown by digest- 
ing with 10 percent potassium hydroxide rectum, bladder, and liver obtained 
at Necropsy that Schistosoma haematobium ova can be recovered in 26 percent 
of Union natives, although previously only 1 percent of this population has 
been reported as showing macroscopic schistosomiasis. In cases of hepa- 
toma, the ova were recoverable in 27 percent, so that no significant correlation 
was demonstrable between the 2 conditions. One may conclude, therefore, 
that the real prevalence of schistosomiasis in the East Coast miners must have 
been exceedingly high indeed, and it is probably not without significance that it 
was in this group that the 2 cases of carcinoma of the bladder were detected. 


In 1934 Strachan (64) published a report on malignant diseases diag- 
nosed at 3,851 necropsies over the 10-year period 1924-33 at the Johannes- 
burg General Hospital. Of these, 1,901 were on Bantu subjects, among 
whom the greatest occurrence of cancer was in the age group 30 to 39, as 
compared with 50 to 59 in the comparable European group. Ninety-one 
cases of malignant disease were found in Bantu patients, 73 being car- 
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cinomas, including 37 hepatomas (52%). Hepatoma was found in 2.43 
percent of Bantu male cadavers, and in 0.43 percent of female—a ratio 
of 6:1. Hepatoma occurred at a relatively early age and constituted 
25 out of the 36 carcinomas found in Bantu under the age of 40, 7.¢., about 
70 percent. Schistosomal lesions were found in 2 of the 37 hepatomas, 
and cirrhosis was definite in 30, which Strachan suggested, “‘may be of 
aetiological significance.” 


Comment.—Strachan’s figures, though subject to the defects of all necropsy 
statistics, are important because in an urban population not in mine employ 
(though it may have contained some ex-miners) they demonstrate a high 
proportion of hepatomas, a sex ratio independent of mere population differ- 
ences, and an association with cirrhosis apart from obvious schistosomiasis. 
He does not say how many diagnoses were confirmed histologically, but at 
this time histologic confirmation was not invariably employed, according to 
Dr. B. J. P. Becker, assistant to Professor Strachan from 1936 onward 
(personal communication). This receives confirmation in Berman’s case 
histories (9) and in Berman’s Table V (54), from which it is apparent that 
microscopic confirmation was lacking in 28 out of 30 necropsies carried out at 
the Johannesburg General Hospital on Bantu patients with hepatoma. 
Strachan noted that differences in the carcinoma/sarcoma ratio between 
European and Bantu patients were largely accounted for by the age distribu- 
tion of the population, and it is clear that the Bantu population studied here 
was @ young one and therefore less liable to tumors of old age. 


In 1935 Berman (8) published the first of a series of papers, which, 
from the large numbers involved and the striking nature of the cancer 
ratios derived, threw into prominence the frequency of hepatoma in the 
Bantu. He examined 2 distinct groups of patients, the first being an 
urban Bantu population admitted to the Johannesburg Non-European 
Hospital (a section of the General Hospital of this city) over the 8-year 
period 1926-33. The second group was drawn from the mine hospitals 
on the Witwatersrand from 1925-33. 

The population, he noted, was not normal for age and sex, this being 
most obvious in the miners, who were all males ‘‘whose ages vary between 
18 and 45 years, the majority being about 30 years.” (p. 15). He empha- 
sized the difficulty of age assessment in the unsophisticated tribal Bantu 
(p. 21). 

In the Johannesburg urban population, 267 cases of malignant disease 
were diagnosed, 181 of these diagnoses being based on necropsy, histo- 
logic diagnosis, operation, or radiography. During this period there 
were 41,920 in-patients, and the Bantu population for Johannesburg 
numbered 148,000. The site was given in 215 cases and hepatoma was 
found in 41 cases, 36 males to 5 females. In these cases where the site 
was stated, therefore, hepatoma represented 31 percent of 116 cancers 
in males and 5.1 percent of 99 cancers in females. 

Among miners, 270 cancers were diagnosed, 253 (93.7%) being carci- 
nomas; of these 229 were hepatomas (90.5% of carcinomas). The 
diagnosis was based on necropsy in 170 cases (i.¢., in 67.2% of the carci- 
nomas). In the East Coast Bantu the carcinoma rate was almost 6 
times that of Union natives. 
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The urban population gave a total cancer rate of 22.6 per 100,000, 
according to the Johannesburg Medical Officer of Health, for the years 
1926-32 (this figure, however, referred to deaths only and included 
miners). The miners showed a rate of 15 per 100,000, and Berman 
concluded, therefore, “that the relative incidence of malignancy in the 
semi-civilised Bantu of both sexes and all ages in the urban area of 
Johannesburg differs very little from the incidence of this disease in the 
selected primitive aborigine working on Witwatersrand Gold Mines.” 
(p. 16). 

Comment.—Striking and valuable as these figures are, they cannot be ac- 

cepted without qualification. The records of the non-European hospital 
were certainly grossly inadequate, as Berman has told me, and my own 
experience with this hospital a few years later confirms this. Furthermore, 
many of the patients at this hospital would have been visitors from outside 
districts and were not all comparable to the Johannesburg Bantu population. 
In a more recent survey of Johannesburg hospitals, for example, 44 percent 
of the Bantu cancer patients were visitors (10). Berman drew attention 
to other distorting factors—the younger males preponderate and the chron- 
ically ill tend to go home. It is, therefore, unwise to attach quantitative 
significance to the crude rates derived from these figures. 

Berman’s studies of clinical cases covered 8 of the 10 years embraced in 
Strachan’s necropsy studies of the same hospital. Comparison with 
Strachan’s statistics provides an interesting demonstration of the limitations 
of necropsy studies. Whereas Strachan recorded 37 hepatomas to Berman’s 
41, many other cancers appear much less frequently at necropsy. Among 
these were uterine cancers (4 in the necropsy series to 42 in the clinical 
series), stomach (6 to 23), breast (2 to 25), skin (1 to 16), and buccal cavity 
(3to 11). Their figures are identical for cancer of the esophagus (3), urinary 
bladder (5), and lung (0). Strachan’s necropsy figures, for example, give a 
hepatoma/carcinoma ratio twice that reported by Berman, viz., 62.5 percent 
(35/56) for males and 11.75 percent (2/17) for females, as compared with 
Berman’s clinical ratios of 31 percent (36/116) and 5 percent (5/99), respec- 
tively. Clearly, necropsy studies miss many cancers accessible to clinical 
diagnosis—a fact often emphasised but as often ignored. 

Certainly this series does not confirm Steiner’s conclusion (p. 20) that “In 
series of tumors diagnosed by unselected necropsy, the most accurate repre- 
sentation possible is obtained.” If discharge from the hospital is, for any reason, 
selective, i.e., affected one way or the other by such factors as the rate of a 
patient’s course downhill, shortage of beds, desire to die at home, particular 
medical interest, or difficulties of nursing, then, no matter how unselected the 
necropsies are, the population of cases dying in the hospital has already been 
incalculably modified. 

Berman also noted the high frequency of female genital cancer. In this 
series, uterine cancers (42 cases) outnumbered hepatomas (41), forming 
42.5 percent of female carcinomas. 

On his own cases, then numbering 25, Berman himself performed the 
necropsy, with histologic confirmation in all, but for the rest he had to rely 
on the reporting of others, where the same safeguard could not be maintained. 
Furthermore, all lungs are sent to the Silicosis Bureau (which does not report 
to the mine any lung cancers detected in its scrutiny of the lung tissue). 

In these circumstances, where necropsies are performed by persons with- 
out special training in pathology, one would expect that few hepatomas 
would be missed, as the enlarged liver would be a striking feature as soon as 
the body was opened. Tumors of other sites, e.g., of testis, bronchi, or brain 
might be more easily missed, and the result would be to influence greatly the 
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proportion of hepatomas to other neoplasms, although the hepatoma rate 

would be unaffected. 

In 1 group of mines (56) the accidental-death rate over 20 years averaged 
3.109 per 1,000 miners (his Table III) out of a total death rate of 10.618 (his 
Table II). Necropsies on the cases of accidental and sudden deaths are 
carried out at Medico-Legal Laboratories, and latent cancers encountered 
here are reported to the mine (57) so that cases of hepatoma are not lost 
from this source. 

Des Ligneris (58) has noted certain other factors likely to favor a relative 
preponderance of hepatoma in mining series, viz.: 

1. Age. Other cancers are relatively rare in the age groups represented, 
whereas, in the Bantu, hepatoma has an early onset. Carcinomas, 
especially, would be rare in such a population. 

2. Sex. Hepatomas are commoner in males. 

3. Methods and terms of recruitment. The native miners are obliged to 
pass severe medical tests, so that no obvious wasting disease would be 
allowed to pass; this tends to exclude other cancers. Pearson (59) has 
described the recruiting procedure. The recruit in fact undergoes 3 
medical examinations before he can start work as a miner, viz., at or 
near his place of residence, at the Witwatersrand Native Labour Organ- 
ization Hospital in Johannesburg, and at the mine to which he is 
allotted. 

To these may be added certain other influences such as: 

4. Disposal. Sick miners are often repatriated if fit to travel, e.g., with 
tuberculosis [(56), p. 54] and with hepatomas (60), so that fulminating 
diseases are more likely to appear at necropsy. Clinical diagnoses, of 
course, were accepted by Berman, and it should be remembered that 
mine medical officers are acquainted with the clinical features of this 
condition. In Berman’s (2) series of 75 cases of hepatoma in miners, 
however, 12 (16%) were discovered accidentally in patients whose 
illness was due to unrelated conditions; these presumably might have 
been missed in repatriates. 

5. The miner stays on the mine for a limited period, and is then repatriated. 
This tends to eliminate conditions of slow development, and calcula- 
tions of person-years of exposure are likely to overestimate the time 
period, even for conditions as acute, relatively, as hepatoma (10). 
Berman gives the period of service as rarely longer than 9 months [(2), 
p. 7]. The General Manager of the Native Labour Organizations of 
the Transvaal and Orange Free State Chamber of Mines, however, 
stated in a letter to the author that: 


“ . . the average length of time spent on the mines by East 
Coast and Tropical Natives in any one period of service be re- 
garded as eighteen months. B.S. A. Natives [7.e., from the 
Union and British Protectorates] are not subject to compulsory 
repatriation and may remain in mining employ for as long as 
they wish before returning home. The actual periods spent on 
the mines by B. 8. A. Natives accordingly show considerable 
variation, but, it may be mentioned that, in 1943 it was esti- 
mated that the average Native mineworker from the Cape 
Province stayed fourteen months on the mines in each period 
of service. In 1951, it was estimated that, on the average, 
B. S. A. Natives were spending between ten and eleven months 
on the mines.” 


The miner’s contract, however, may be for a period of 1, 3, 6, 9, 10, or 15 
months, and consequently the length of stay of an individual may be very 
much less than the average duration. 
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The total absence of cancer of the skin and stomach from Berman’s series 
is quite as striking as the incidence of hepatoma. Furthermore, in this 
series, representing 1,800,000 patient-years between the ages 18 to 45, only 
1 tumor of the testis (sarcoma) is recorded. From age-distribution figures 
supplied to me by the Transvaal and Orange Free State Chamber of Mines, 
table 2 shows that 86 would have been expected from a similar population 
of Danish males using Clemmesen and Nielson’s figures for the number of 
testis tumors, including seminomas, detected from death certificates and 
hospital cases in the entire Danish population for 1943-47 [Table IVG (61)]. 


TABLE 2.—Tumors of the testis expected in Berman’s population 
of miners, assuming Danish rates* 








] : 
|Danish ratel pices pees of py 
total mining : 

Age group gohan y population — 
P (percent) e 
(percent) 
0-29 0.9 0. 6118 49. 6 

30-39 1.2 . 3040 29. 2 

40-49 1.0 . 0779 7.0 

50-59 0. 4 . 0063 . 226 

Total 86. 03 














*Number actually reported: 1. 


Three carcinomas of the lung are reported by Berman (8)—a rate of 0.17 
per 100,000. Unfortunately, the reports on the Miners’ Phthisis Medical 
Bureau, which deals with all lungs including those from medico-legal ne- 
cropsies, do not distinguish primary from secondary carcinoma of the lung 
and so are not helpful. This distinction was made in the Annual Reports 
of the South African Institute for Medical Research (62) for the period 
1948-53 inclusive, however, when 8 primary carcinomas of the lung (con- 
firmed histologically) were reported in 3,966 specimens from Bantu miners. 
This represents a necropsy ratio of 0.2 percent. The death rate for 1 group 
of mines has been given as 10.6 per 1,000 (56), from which one may generalize 
that if these figures can be applied to all miners, an over-all lung-cancer 
rate of 2 per 100,000 obtains for this later period—nearly half that reported 
for liver cancer in Union miners. 

Berman confirmed Fischer’s evidence that miners do not form a homo- 
geneous group and that East Coast natives were far more liable to carci- 
noma and sarcoma than South African natives. If these groups are not dis- 
tinguished, figures derived from miners, or from groups that include miners, 
will reveal hepatoma rates or ratios that may vary as much as 600 percent, 
according to the proportion of East Coast Bantu represented. The simi- 
larity that Berman noted between cancer incidence in the Johannesburg 
urban Bantu and the general mining population was, therefore, fortuitous and 
it is not legitimate to treat such figures as though they are comparable. 


In 1935, as an appendix to Berman’s study (Tables XXI and XXII) 
(8), further details from Lovedale Hospital were provided by MacVicar. 
From May 1925 to May 1933, 7,672 in-patients provided 65 cases with 
cancer, of which 50 were carcinomas. Thirteen hepatomas were en- 
countered, 9 being in males (hepatoma/carcinoma ratio 9:27 or 33%%) 
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and 4 in females (hepatoma/carcinoma ratio 4:23 or 17.4%). The 
average age for these patients was 52. 

Comment.—This series provided a remarkably high average age for the 
hepatoma patients and also a relatively high number of female cases. The 
diagnostic methods employed are not mentioned in this short note. 

After des Ligneris left Elim Hospital, to become a research fellow at 
the South African Institute for Medical Research, he continued to 
examine the statistics of this hospital, and in 1936 (7) he published 
figures for the cancers seen over the period 1925-36. A marked increase 
in the ratio of carcinoma to sarcoma was found. He did not mention 
secular changes in the hospital population, which might well have been 
occurring (63) and which are well-known, to explain the carcinoma/ 
sarcoma ratio (64,65). In 12,373 patients, 84 cancers were found, 
representing 31 sarcomas (including melanomas) and 53 carcinomas 
(including 3 hepatomas, 11 of the cervix uteri, 10 of skin, and 5 of stomach). 
Most of these cases were examined histologically. 

Des Ligneris also gave figures for 3 other Swiss mission hospitals in 
Mozambique, roughly 400 miles southeast of Elim. Chikhumbane lies 
in the Limpopo Valley near Chai-Chai (alias Vila de Jo&o Belo), latitude 
25.2’30’’ S, longitude 33.40’ E. Here, during 1928-31, 5,800 patients 
were treated and 55 cancers diagnosed—10 sarcomas, 40 carcinomas 
(including 14 hepatomas and 15 carcinomas of the bladder), and 5 mixed 
tumors of the salivary glands. 

At Lourengo Marques for the period 1934-35, 7,772 patients were 
treated and 2 sarcomas and 23 carcinomas (9 hepatomas, 13 uterine, 
and 1 breast) were diagnosed. 

Comment.—In this factual and balanced paper des Ligneris commented on 
the striking difference between adjoining subtropical areas and warned 
against general conclusions from local studies. He answered the possible 
criticism that Bantu patients suffering from cancer would not come to the 
hospital and would rather consult their medicine man by remarking that 
it is unlikely that they would stay away with cancer, since they come in 
large numbers when suffering from tuberculosis. On the grounds of the 
geographic variation demonstrated, he doubted the relationship between 
hepatoma and skin pigmentation, then suggested by Berman; he postulated 
that liver cancer was due to a factor affecting the patient in his childhood 
days and was not an influence encountered during the period of work on the 
mine. As schistosomiasis is common in the Zoutpansberg district served 
by Elim Hospital, he concluded it was doubtful whether the main cause 
of hepatoma could be schistosomiasis, especially since the population of 


countries like Egypt, which have a much greater incidence of schistosomiasis, 
do not display the same tendency to hepatoma. 


Des Ligneris also quoted figures given him by Dr. F. S. Simson, of the 
same Institute, showing that in the 7-year period 1928-34, “out of 114 
specimens of primary liver cancer which were examined by him, not more 
than 6 were from European cases.” 

In 1940 (66), Berman re-examined his earlier figures for hepatomas. 
Age distribution of hepatoma cases was calculated for a group of 144 
Bantu cases, 103 male miners, and 41 of mixed sex and age drawn from the 
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urban population. The tribal distribution was also given, but as that 
of the parent population was omitted it is difficult to draw any conclusions 
from these figures other than that hepatoma may occur at an early age 
and that certain tribes are affected. 

The clinical features of the disease in the Bantu were described by 
Berman in 1940 (55) and again in 1944 (67), based on records of 66 cases, 
of which 25 had been miners in his personal care and 41 were cases from 
the Johannesburg Hospital. These demonstrated an average stay in 
the hospital of 18.2 days, the maximum being 81, which indicates the 
fulminating nature of the condition. He did not distinguish between 
the different clinical types of hepatoma nor between those who died in 
the hospital (61 cases) and those who were discharged (5 cases) (9), 
but this does not make much difference for the crude length of stay. 
Fifteen percent of the cases were classified as “occult,” 7.e., the cancer 
was diagnosed accidentally during the treatment of other conditions 
or at necropsy when death was due to other causes. 

In 1940 Prates (68) analyzed the records of hepatomas seen at the 
Miguel Bombardo Hospital in Lourengo Marques during the years 
1930-38. Eighty-five cases were recorded from 49,000 patients, a 
proportion double that reported for the non-European hospital at Johan- 
nesburg. Ages ranged from 13 to 55 years, most being under 40; there 
were 80 cases in men to 5 in women. 

Comment.—These figures were preliminary, being produced after little 
more than 2 months’ study. The diagnostic methods employed are not 
mentioned nor the age and sex distribution of the hospital population. 
Prates considered that the tumors were more frequent in the south of the 
Mozambique colony, the area from which most miners were drawn at that 
time. He discussed the likelihood of toxic substances being present in 
alcoholic beverages, saying “In my cases I succeeded in ascertaining that 
some patients drink daily 10 litres of a beverage obtained by the fermentation 
or distillation of mealies (Buputo) and about 3 litres of a strongly alcoholic 
drink obtained from the fermentation and distillation of caju peduncles and 
manioc tubers.” (p. 99). This habit, however, is not found in the Union, 
and will not explain the relative frequency of hepatoma among the Union 
Bantu. 

In 1948 Prates (69) reported 70 additional cases of hepatoma, all of the 
hepatocellular type. Whereas in his first paper he had drawn attention 
to the native beverages taken by the population there, in this publication 
he tended toward schistosomiasis as the cause, although he stated that 
animals fed on native drinks showed toxic degeneration and proliferative 
lesions in different organs. 

Berman (11) gave figures of hepatomas in all Bantu miners for the 
20-year period 1925-44, when 826 cancers were diagnosed, of which 
772 were carcinomas—670 of these being hepatomas, (i.e., hepatomas 
formed 86.8 percent of the carcinomas and 81 percent of the total cancers). 
The average age of the population was given as 30 years, and the annual 
size of the population, 200,000 to 300,000. East Coast natives comprised 
35 percent of the miners and contributed 78.8 percent of the 670 hepatomas 
(507). Hepatoma thus was 6 times as frequent in the East Coast Bantu 
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as in the Union Bantu miners. The liver was invariably the seat of 
multilobular cirrhosis. 

Berman also gave the age distribution in 402 of the 670 hepatomas. 
Since a few cases are reported in the group 51 to 60 years it is clear that 
the age limits (18 to 45 years) given for miners were a rough approxi- 
mation only. 

Berman drew attention to the fact that the East Coast natives suffered 
more often from parasites and that milk was less plentiful in their places 
of origin. 

The results of these studies were incorporated in his book published 
in 1951 (2). Here he quoted the rates in the 2 racial groups of miners, 
as 5 per 100,000 in Union natives, and 29 per 100,000 in Mozambique 
natives (Fig. 2, p. 10). The frequency of hepatoma to all carcinomas 
is given in Table VI as 50.9 percent (p. 8) and the age distribution of 
hepatoma in Table XII, which is based on the ages of 402 miners and 
41 urban patients drawn from the 1935 study. 


Comment.—These valuable records have led to confusion because they 
included population groups that are not comparable in age, sex, or diagnostic 
method. Thus in [Table VI, (55)], 2,796 carcinomas and 1,425 hepatomas 
are quoted from the Bantu races of Africa, but the results are heavily weighted 
by the mining population, in whom, as we have seen, the bias is strongly in 
favor of hepatoma. There are 12 references to South African sources, 4 of 
which include miners (Pirie, Orenstein, Berman, and the Johannesburg M. 
O. H. reports). At least 837 carcinomas and 720 hepatomas were derived 
from miners. 

Several sets of patients are counted twice in this table, as well as in its 
predecessor [Table V, (55)], for Berman’s own figures must include those 
quoted by Orenstein and many of those given in the reports of the Johannes- 
burg Medical Officer of Health. 

Reduplication also occurs in the urban cases of hepatoma, since the reports 
of the Medical Officer of Health for Johannesburg record all deaths in the 
Johannesburg population and would therefore include some of Pirie’s cases, 
diagnosed at the Institute for Medical Research in this city, as well as all 
deaths in Beyer’s and Berman’s series from the Johannesburg Hospital. 
Berman omitted certain small series of cancers in which hepatoma is not 
mentioned, e.g., that of Casalis, but these omissions do not noticeably affect 
the figures quoted. 

If one separates the urban and mining populations and omits the records 
of the Medical Officer of Health, one can derive table 3 for purposes of com- 
parison. It has been necessary to omit Pirie’s figures, as miners were not 
separately distinguished, and to include Berman’s hospital series in the 
urban group. 

The effect of weighting cancer figures with miners is also demonstrated 
in Berman’s own papers. The inclusion of a greater number of miners in 
Table VI of Berman (2), for example, has caused the percentage of hepa- 
tomas to rise from 37.4 [Table V, (45)] to 50.9. Similarly, the age distribu- 
tion [Table XII, p. 19 (2)] shows a distinct shift to the younger group as 
compared with that derived from 41 hospital cases [by subtracting the miners 
given in Table V, (11)]. In the mining group 11 percent were 41 years and 
over, as compared with 34 percent in the hospital group. 

The age distribution is given for 402 hepatomas among miners [Table V 
of Berman’s 1950 (11) paper]. In the following discussion it should be 
remembered that, as Berman has emphasized [(8), p. 21], these miners have 
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TasBLeE 3.—Earlier South African hepatoma/carcinoma ratios 




















Carcinomas | Hepatomas Poon 
Non-mining cases 
SN i a wih we te We eee aoe 35 7 20. 0 
ili big aig min nin dtaeee Sai 97 22 22. 7 
I i ad ar eign ahd den etal 50 13 26. 0 
Watkins-Pitchford (20)................. 25 2 8.0 
olarak awn dle aoniehmg.s &'ne weak 75 22 29. 4 
I I i da awn wig rc Ba ws 21 0 0 
a a cnt om hain gume Stlacerannak oe Os 53 3 5. 6 
ES a naw irik Wein eee wa 215 41 19.1 
356 110 19. 3 
Miners 
ST SRNR ee 772 670 86. 8 
Union miners (65%).............-++. | 163 
Mozambique miners (35%)............ | 507 
| 








very little idea of their age, and Stibbe (70) has felt justified in classifying 
them into 3 groups only: “Youthful, or immature—probably under twenty. 
Adult—say between twenty and thirty. ‘Madala,’ or old—over thirty.” 
Calculations based on such estimates of age are therefore only rough approxi- 
mations. One must assume that 268 cases whose ages were not given did 
not differ significantly in age and race from those whose ages are known. 
If, however, hepatoma occurs at an earlier age in East Coast natives, and 
these tend to be more illiterate than Union natives, then their omission 
would affect the apparent age distribution. Assuming that the 402 cases are 
truly representative, and that the age distribution given by the Chamber of 
Mines is applicable to both groups, we can calculate (table 4) the annual 
rates per 100,000 in the age groups of the population from the formula: 


Number of cases of hepatoma in group=—— X 100,000 


(where z is the number of cases encountered in an age group and p the 


proportion of the total population (y) found in this age group during 
t years.) 


These figures indicate that although hepatoma manifests itself at an early 
age, it is not limited to the young and its incidence increases with age. 
Secondly, the figures are higher than those obtained in the American Negro 
population—those given here were based on the resident cancer-incidence 
rates for the United States, 1947-48 [Dorn and Cutler, Table IVe, (71)]. 
As the age groups in the American series were centered on units of 10 years, 
I have taken an average for 2 adjacent decades, ignoring the minor effect 
of changing numbers in the different age groups. 

Berman’s statistics related to the combined group of Union and Mozam- 
bique natives, and he derived separate rates from the proportions of the 
average annual populations. I have calculated these from figures sub- 
mitted by the Native Labour Organizations of the Transvaal and Orange 
Free State Chamber of Mines. One hundred sixty-three hepatomas were 
found in a total average annual population of 3,521,698 Union natives 
(4.63/100,000 per annum) and 507 cases in a total average annual popula- 
tion of 1,647,661 tropical and Mozambique natives (30. 8/100,000 per annum). 
From these figures the rate for tropical and Mozambique natives appears to 
be 6.65 times that of the Union natives. 
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TaBLEe 4.—Estimated age-specific hepatoma rates from Berman’s figures (mixed mining 
population, i.e., Union and Mozambique Bantu) 




















Corrected 
ee Hepatomas| Proportion | Rate/100,000 for those American 
Por, (x) (p) per annum | of unknown | Negro (46) 
age 
11-20 22 | . 1272 4.5 7.4 0.0 
21-30 196 . 4846 10. 4 17.3 0. 0 
31-40 140 . 3040 11.9 19.8 2. 4 
41-50 41 . 0779 13. 5 22. 6 9.3 
51+ 3 | . 0063 12.3 21.0 16. 4 





Age-specific rates (table 5) can be derived if one assumes 1) identical age 
distributions of the Union and East Coast mining populations and their 
hepatoma patients (which is unlikely, since a stronger carcinogenic stimulus 
is likely to manifest itself at an earlier age), and 2) that hepatoma is diag- 
nosed with equal facility in both groups—.e., that the proportion of cases 
missed by reason of selection, repatriation, length of stay, or accidental 
death is the same. 

These figures can be calculated (table 5) by deriving a coefficient of dis- 
tribution from the proportional distributions of hepatomas in miners. [Union 
natives provide 24.3% of hepatomas, while representing 68.127% of the 
population. The coefficient (proportion of hepatomas to proportion of popu- 
lation) for Union natives is 0.357 and for Mozambique natives 2.34.] 


TaBLeE 5.—Estimated age-specific rates for Union and 
Mozambique mine Bantu 





Berman’s mixed | 


Age group a eg —— Union | Mozambique 


unknown age 





11-20 7. 4 2. 60 17.3 
21-30 17. 3 6. 18 40. 5 
31-40 19.8 7. 08 46. 4 
41-50 22. 6 8. 09 53. 0 
51-60 21.0 7. 51 49. 2 














A comparable group of young males was studied by Findlay (72), who 
reported on 227,000 West African forest Negro soldiers, 18 to 40 years of age. 
Younger ages predominated and two thirds were under 25 years. Between 
1940-45 inclusive, 60 malignant tumors were diagnosed of which 37 were 
hepatomas. The incidence of malignant tumors was reported as 26.4 
per 100,000. 

Comment.—Unfortunately Findlay’s figures represent ratios only, as the 
precise time period is not clearly stated. If the entire population were at 
risk for the whole period of 5 years, the annual rates would be one sixth of 
those given. The hepatoma/carcinoma ratio was 68.5 percent, and the 
hepatoma/cancer ratio 61.5 percent. 


Higginson (73) surveyed the site distribution in a histologically con- 
firmed series of 500 cancers at Baragwanath Hospital, Johannesburg. 
In this series, which included males and females of an urban population 
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and excluded miners, both biopsies and necropsies were used. The 
hepatoma/carcinoma ratio was 5 percent and the hepatoma/cancer ratio 
4 percent. 

Comment.—Older age groups were somewhat better represented in the 
Johannesburg urban population in 1951 as compared with 1925; the sexes 
were about equally represented, whereas in 1925 the male/female ratio was 
5.5 to 1 (32). The male hepatoma/carcinoma ratio in Higginson’s series was 
10.45 percent (18/172) and the hepatoma/cancer ratio 7.56 percent (18/238). 
The corresponding female figures are 0.91 percent (2/220) and 0.765 percent 
(2/262). Higginson’s paper also gives the percentage of cases in which 
histologic confirmation was lacking, and thus provides a useful index of the 
commoner errors of interpretation. 

A site-type survey of certain cancers diagnosed histologically at the 
South African Institute for Medical Research during the period 1949-53 
(74) is less informative, as the population is not as easily definable, but 
the figures may be worth quoting: 275 hepatomas were diagnosed in non- 
Europeans compared with 9 in Europeans—a ratio even more striking 
than the figures given by Simson, quoted by des Ligneris. For the par- 
ticular regions dealt with in this paper, the hepatoma/carcinoma ratio in 
non-Europeans was under 11 percent (275/2,509). 

Dr. H. Garin (75) has also sent me figures from the Swiss Mission 
Hospital at Lourengo Marques for the years 1933-43, inclusive. These 
figures included the 2 years reported by des Ligneris (7) for whose data 
they provide valuable corroboration. The standard of diagnosis was 
high, radiology was employed, all cases dying in the hospital under- 
went necropsy, and histopathologic diagnosis was available. Dr. Garin 
carried out these examinations himself as a rule, using frozen and paraffin 
sections, and consulted des Ligneris where necessary. Liver abscesses 
were diagnosed at operation and by exploratory puncture. In 1 or 
possibly 2 cases the tumor was diagnosed by needle biopsy. 

These figures are given in table 6, while table 7 gives the diagnoses of 
patients seen at the Dispensary and Hospital of the Swiss Mission, Lou- 
renco Marques. 

Comment.—lIt will be noticed that amebiasis was very prevalent, and liver 
abscesses were diagnosed nearly 3 times as often as hepatoma. Syphilis 
and symptomatic vesical schistosomiasis were extremely common indeed. 

Hepatoma and uterine carcinoma are very prevalent in this general 
population. In the males, hepatoma represented over 56 percent of the 
total cancers and 68 percent of the carcinomas. Among females, hepato- 
mas formed 24 percent of cancers and 28 percent of carcinomas (as com- 
pared with uterine-cancer ratios of 49 and 57 percent, respectively). 

A notable feature of this series is the sex ratio of these hepatoma 
ratios—for the hepatoma/cancer ratio this is 2.3 to 1 and for the hepa- 
toma/carcinoma ratio, 2.4 to 1. These figures suggest the highest relative 
frequency of hepatoma in Bantu females yet encountered. Nevertheless, 
male hepatoma patients are concentrated in the earlier age groups as 
compared with the female cases, who are older. This may indicate a more 
potent carcinogenic stimulus in males. 
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Other features of this series include a high frequency of bladder cancers 
(7.7%), in which sex incidence is equal; probably these can be attributed 
to the frequency of schistosomiasis (74). Uterine cancers are very com- 
mon (49% of female cancers). ‘Maxillary sarcoma” is strikingly common 
(7.1%), but one wonders how many carcinomas of the antrum fall into 
this category. Carcinomas of stomach, skin, and breast are rare. The 
frequency of bladder cancers in East Coast miners has already been noted 
by Fischer (50) and Berman [(8), p. 23]. 


Discussion 
Do the Bantu Display a High Susceptibility to Hepatoma? 


Although the references to hepatoma from South Africa abundantly 
confirm clinical impressions as to the frequency of the disease, it is still 
impossible to assign sufficiently precise quantitative meaning to the ratios 
and rates which have been derived. 

Gilliam (6) has emphasized the unreliability of ratio studies of hepatoma 
and attempted to use published data to extract additional information. 
This attempt was less successful than it deserved to be because certain 
assumptions were required that can be shown to be false. In the first 
place he based his calculations on a misprint in the article quoted where 
the age grouping is given as 28 to 45 instead of 18 to 45 years (66). 
Second, he assumed that within this group the age distribution of this 
population of miners was comparable with that of an American U. S. 
population. In fact, the Bantu mining population was predominantly a 
young one, and Berman [(66), p. 56] gives the average age as about 30, 
as is indicated in table 2 where over 60 percent were under 31 years of age. 
(The hepatoma rates obtaining in this population are given in tables 4 
and 5, which represent another attempt at dissecting the existing informa- 
tion). Gilliam’s criticism that Berman’s Table I (66) showed the presence 
of patients in the 7th decade, was not valid, as the 114 cases in this table 
included urban Bantu as well as miners. His conclusion, nevertheless, 
was correct, that the ages of some miners with hepatoma lay outside the 
upper limit of 45 years. 

In the light of this additional information on Berman’s material, 
therefore, there can be no doubt that the incidence of hepatoma is con- 
siderably higher in the Bantu miners than Gilliam estimated. 

The conclusion is also confirmed by preliminary examination of the 
first 2 years of a cancer-rate survey in the Johannesburg Bantu (76). 

Findlay’s rates, which are the only other modern hepatoma figures for 
African Negroes, refer to West Africans and not Bantu. The lack of a 
time scale here has been noted earlier, but supposing the figures to refer 
to the entire population at risk for 6 years, the hepatoma rate was 2.7, 
which is half that reported by Berman for Union mine Bantu and corre- 
sponds to our rate for males in the age group 15 to 24. From Johannes- 
burg Bantu rates, a population similar in distribution to Findlay’s, and 
between 15 and 34 years of age, would have produced over 92 hepatomas 
in 6 years, as compared with the 37 reported. 
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Are Bantu Miners More Susceptible than Urban Bantu? 


Peller (77) and Lonsdale (78), who have regarded the high ratios of 
hepatoma reported from miners as evidence of unusually high incidence 
in miners, as distinct from other Bantu, attributed this to carcinogenic 
conditions obtaining in the gold mines, Lonsdale suggesting radioactivity 
as the possible carcinogen. The relative immunity of white miners is 
not explained. The assumption that miners are more susceptible is not 
supported by the evidence presented here, while the suggestion that miners 
are exposed to excessive radioactivity seems to be equally baseless. The 
report of the Miners’ Phthisis Medical Bureau (79) states, “Investigation 
has shown that the ore bodies of the Witwatersrand contain only a minute 
and negligible amount of radio-active substances.” (p. 11), this opinion 
being based on Pirow’s (80) geological studies. 

From evidence derived from a survey of cancer incidence in Johannes- 
burg (76) it is apparent that Bantu miners derived from the Union and 
Protectorates are not more susceptible than Bantu urbanized males in 
Johannesburg. In fact an urban male population, having the same size 
and age grouping as Berman’s Union miners, would have produced an 
expected number of 542 hepatomas as compared with the figure of 163 
which he reported. One should not regard this difference too seriously 
since the influences operating on his material would tend toward under- 
estimation of the hepatoma rate and overestimation of the hepatoma 
ratios. This once again throws into relief the difficulty of interpreting 
cancer ratios. In Union Bantu miners Berman (8, 66) has found a hepa- 
toma/carcinoma ratio of 87 percent (53 cases in 61). By comparison, 
urban male Bantu from our Johannesburg survey with apparently more 
than 3 times the hepatoma incidence showed a hepatoma/carcinoma ratio 
of 24.6 percent. Nevertheless, the largest Johannesburg Bantu hospital 
provided a histologically confirmed crude hepatoma/carcinoma ratio in 
males of 10.45 percent (73)—this difference, presumably, being attributable 
to a greater proportion of patients with other cancers coming from outside 
districts. 

Further evidence should not be necessary to demonstrate the unrelia- 
bility of crude ratios derived from populations differing widely in age 
grouping and subjected to ill-defined selective factors. 


Factors Responsible for Certain Prevailing Views on Hepatoma 
Prevalence 


The early onset of hepatoma is a characteristic feature of these tumors in 
the Bantu and is largely responsible for the striking variation in the ratios 
published. The younger the population, therefore, the higher is the hepa- 
toma/carcinoma ratio likely to be, and simple differences in age and sex 
composition can, as we have seen, cause the hepatoma/carcinoma ratio 
to fluctuate from 90 to 5 percent, without any real significance as regards 
incidence. In an urban population under 45 years, hepatomas represent 
about 50 percent of all carcinomas diagnosed. Older populations are 
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associated with a markedly lower hepatoma ratio, even though hepatoma 
rates increase with age. We found, for example, approximately the same 
number of carcinomas of the esophagus in males over 45 as hepatomas, 
and if the diagnostic method is limited to cases diagnosed in the hospital 
or with histologic confirmation only, then carcinoma of the esophagus 
was the more common cancer at these ages (76). Nevertheless, the 
frequency of carcinoma of the esophagus passed undetected by clinical 
observers. 


The Effect of Age on the Sex Ratio of Hepatoma 


The published sex ratios all show a preponderance of males, but the 
relative preponderance varies. Both Garin’s figures for the Swiss Mission, 
Lourengo Marques, and ours, however, indicate that the sex distribution 
of hepatomas varies with age, and that although female cases are rarer 
in the younger age groups they become relatively more common in the 
older groups, and the disparity between the sexes tends to disappear. 

In Garin’s series, male cases were more than 3 times as prevalent 
as female cases below the age of 40; above this age the numbers seen 
were equal. 

Clearly crude sex ratios of hepatoma are unreliable and age-specific 
sex ratios are necessary. 


Racial Causes 


Occasionally this susceptibility to hepatoma has been attributed to 
racial differences. Berman, for example, in 1940 (66) concluded that 
“primary carcinoma of the liver is a disease which is controlled by racial 
and not by environmental factors.” (p. 68) and noted that it is a common 
cancer among all pigmented races. In 1941 (81) he considered environ- 
mental factors as well, while in 1951 (2) he concluded that there was 
strong presumptive evidence pointing to local rather than genetic causes, 
emphasized the ethnic differences in pigmented races, and concluded 
that “environmental factors, including cirrhosis-producing and carcin- 
ogenic agents, are responsible for precancerous and cancerous states of the 
liver; and that in man these probably act on a favourably prepared soil, 
the nature of which is apparently determined largely on a nutritional 
basis.”’ (p. 132). 

The figures presented in this paper confirm that hepatoma is commoner 
in Bantu races in South Africa, but emphasize that the relative proportions 
apparently vary markedly from place to place. Many but not all of 
these variations are explicable on tribal or population differences, and the 
influence of additional, presumably environmental, influences operating 
at different intensities within the Bantu population seems inescapable. 

The figures presented here will be replaced when results of rate surveys 
have become available. These ratio studies are pointers which emphasize 
the need for further studies of hepatoma rates in South African native 
groups living under widely differing but precisely definable conditions. 
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Such studies will help in the search for relevant etiologic factors, and 
will provide that factual discipline without which views on the causation 
of this disease remain speculative or of only local validity. 


Summary 


1) The literature on hepatoma in the Bantu of southern Africa is 
critically reviewed. 

2) Figures submitted from the Swiss Mission Hospital at Lourenco 
Marques (Mozambique) are presented, confirming the apparently high 
relative frequency for hepatoma reported from that city, and indicating 
also a very high proportion of female cases. 

3) It is emphasized that comparison of incidence of cancers—whether in 
different races, or in the same race at different times—can only be placed 
on a quantitative basis if the age- and sex-specific rates are known. In view 
of this, wherever possible, plans for the further collection of cancer ratios 
should be designed to provide cancer rates. 

4) The ratio of the sexes varies with age, being very much higher in the 
first 5 decades than thereafter. 


APPENDIX: Marginal Errors in Enumeration 


The population density of objects scattered randomly over a field is 
usually estimated by counts of sample areas. With this method the 
possible effects of the margins of the sample areas must be considered. 
These influences are well known as bearing on the familiar problem of 
counting objects in a definite area, but are perhaps less well recognized 
in the enumeration of cancers within a population in a definite period of 
time—a process which poses essentially similar problems and requires the 
same precautions. 

Two situations should be distinguished: 

1) Where the sample area is defined by arbitrary or imaginary 
limits in a field of continuous distribution, 7.e., where the 
margins can be regarded as neutral. 

2) Where the margins of the sample area are predetermined by 
an actual discontinuity in the field. 


Case 1.—Neutral Margins 


This is the simpler situation, as the boundaries do not affect the dis- 
tribution of the objects to be counted. A familiar example is that of 
red-cell counting in a hemocytometer, where sample areas are defined 
by the rulings on the counting chamber. In cancer demography a 
corresponding situation is the enumeration of cancers in a population 
of a given size between 2 date lines. 

Objects lying near the borders must possess a single previously deter- 
mined reference point, independent of their position relative to the border, 
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by which the enumerator may decide whether or not an object falls 
within the area to be studied. In cell counts, for example, the usual rule 
is that all cells touching the left border of a square are counted in, all 
touching the right border are excluded. The reference point is thus the 
extreme right-hand margin of the cell. Similarly, in recording cancers, 
although the disease represents a process of varying duration, each case 
must have a single definite reference date on which it will or will not be 
assigned to the periods of enumeration. The method of determining 
the date cannot be the same for all diagnostic classes—compare, for 
example, a cured cancer and one discovered accidently at necropsy. 
Differences in these criteria will not affect the results, provided the field 
is examined on either side of the borders to ensure that the cases are 
counted in a continuous field. 

Apart from these decisions, the boundaries, being arbitrary, exert no 
influence on the number counted, unless a fluctuation in distribution, 
e.g., seasonal, occurs that has not been allowed for in the position or 
width of the belt chosen. 


Case 2.—Influential Margins 


Pre-existing limitations of the field, on the other hand, may exert an 
additional influence on the count. A familiar histologic example would 
be that of counts of objects in histologic sections where the field is bounded 
by the planes of section. In some instances, although the plane of sec- 
tion will have transected the object, the slice of the material included 
will be too thin to be detected (82). A second example is to be found 
in automatic counting machines which scan the field with a spot of light 
or a narrow slit. Objects that, though not completely within the scan- 
ning belt, are grazed by it will produce signals that may be registered 
(depending on the sensitivity of the counting system), and the borders 
will have the effect of increasing the apparent number counted. 

An analogous situation occurs in cancer demography if the period of 
observation coincides with actual events in the lives of the individuals, 
e.g., Where men come to work on the mines for a definite period of service, 
and are studied during this interval only. Before employment, mine 
recruits undergo rigorous selection that eliminates any suspected cancers 
and all wasting conditions (should these have failed to dissuade the 
potential miner from applying for employment). Similarly, a miner 
awaiting discharge after a spell of service may conceal symptoms of 
illness in his eagerness to leave for home. The period of elimination will 
vary with recruiting and labor conditions, and with the type of cancer, 
but in any case the true period during which the miner is susceptible to 
cancer at the normal rates for his age group and social class will be less 
than the actual period of service, by the combined marginal elimination 
periods. 

When the period of service is less than the average combined marginal- 
elimination period for a particular cancer, one would expect to find very 
few cases of this cancer (only those whose development is more rapid 
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than average or where the period of stay is of more than average length). 
Thus in Berman’s series no deaths from squamous carcinomas of the 
skin were reported in the Bantu mining population, as the common 
predisposing factors—albinism and chronic leg ulcers—serve to exclude 
potential victims, and the period of stay is too short for the occurrence 
of fatal skin cancers since early cases would be eliminated in medical 
examinations. 

To demonstrate the real period at risk as distinct from the period of 
service or observation belt, case incidence could be graphed in succeeding 
time intervals, e.g., months, to find at which point the distribution 
reaches a steady level (if there is such a steady level, or if seasonal fluc- 
tuation occurs, when this has been compensated for). Only when there 
is no difference in incidence in the border periods as compared with the 
central time interval, will it be legitimate to regard the period of stay 
as synonymous with the period at risk, e.g., one would expect rupture 
of aneurysms of the circle of Willis to follow this latter pattern. With 
more protracted diseases, incidence will rise to a plateau at the beginning 
of the stay and fall off again at the end. Assuming an even rise and 
fall, the total number of cancers reported from the entire stay might 
reasonably be treated as if derived from the period between the 50-percent 
incidence marks. 

A second possible technique for detecting the extent of the marginal- 
elimination period would consist in comparing the ratios of cancer inci- 
dence in miners with 2 different lengths of stay, e.g., comparing those 
with a 9-month period of service with the 15-month group. The ratios 
will naturally be proportional to the true periods at risk, which will be 
less than the period of service by a constant border amount. 

Suppose the periods of service are J and n7J, and the marginal- 
elimination period is K, then the ratio R of cases detected in period T 
to those detected in period nT will be not T/nT but (T—K) (nT—K). 

From this one may derive: 


T(i—Rn) 
i= 1—R 

Unfortunately the published material relating to hepatoma in miners 
does not permit these calculations, although it will be evident that rates 
calculated by Berman must be somewhat lower than the actual rates. 
Assuming an average stay of 9 months, and a marginal elimination 
period of 1 month, for example, the period at risk is 8 months and the 
true rates will be 12.5 percent higher than the estimated. Since some 
workers remain for 1 month only, these should be excluded from the 
calculations before starting, as they will tend to reduce the number 
estimated still more. For acute cancers like hepatomas these errors, 
however, will probably be of relatively trivial magnitude, but in more 
slowly developing cancers the difference between the apparent and the 
real incidence will be profound. Clearly, cancer ratios in such popula- 
tions will be very unreliable, since different types of tumors will differ 
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profoundly in their likelihood of being eliminated by prior selection, 1.e., 


the 


width of the marginal-elimination zones will be different in each 


case. The ratio of hepatoma to squamous carcinoma of the skin, for 
example, would be meaningless unless the ratios are derived from real, 
not apparent, incidence rates. 
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The Incidence of Primary Carcinoma of 
the Liver in the Southern Bantu. II. 
Preliminary Report on Incidence in 
Johannesburg * ” 


A. G. OetTLé and J. Hice1nson,’ South African In- 
stitute for Medical Research, Johannesburg, Trans- 
vaal, South Africa 


At the beginning of 1953 a cancer registry was set up at this Institute 
to ascertain the incidence of cancer in an urban Bantu population. This 
survey has not yet been completed, but the preliminary figures for primary 
carcinoma of the liver during the first 2 years are presented to complement 
the first part of the study (1). These figures clearly demonstrate that 
the incidence in urban Bantu is much higher than in the population of 
Denmark (2) and the United States of America [Dorn and Cutler (3)]. 


Methods 


Although all malignant tumors diagnosed in the Johannesburg magis- 
terial district are registered, these preliminary calculations have been 
limited to certain urban and peri-urban townships, as adequate demo- 
graphic data are not yet available for the entire area. Cancer registra- 
tions were carefully screened and only residents of these selected town- 
ships were considered—aminers and visitors from elsewhere being excluded. 
In our final report we intend to survey the entire Bantu population of 
Johannesburg, to avoid the possible error caused by undetected internal 
migration, although the effect of such migration is unlikely to be large. 


Collection of Cases 


The relative centralization of free medical services for the Bantu and 
the almost complete absence of private facilities for surgery or radio- 
therapy of cancer have made it easier to obtain records of cases. 

Cases were registered from hospitals (by their medical attendants) and 
from certificates of death. To ensure completeness, we also examined 


1 Received for publication May 17, 1956. 

2 This investigation was supported in part by a research grant (C-1716) from the National Cancer Institute of 
the National Institutes of Health, U. S. Public Health Service, and in part by a grant from the Department of 
Education, Arts and Sciences of the Union Government. One of us (A. G. O.) also received assistance from the 
National Cancer Association of South Africa. 

3 The social survey of Alexandra Township was directed by Miss H. Navid of the Entokosweni Social Centre 
there, and we are indebted to her and her staff for their collaboration. 

We are grateful to Miss Feldman, of the Non-European Affairs Department of the Johannesburg Municipality, 
for the population details of certain native townships. 

We wish to thank Dr. J. F. Murray and Dr. B. J. P. Becker for their comments on this manuscript. 


281 


Journal of the National Cancer Institute, Vol. 17, No. 3, September 1956 
393045—-56——_3 

































282 





OETTLE 


hospital case records for this area, radiotherapy records, and biopsy and 
necropsy records. It was found that relatively few cases were treated by 
private practitioners, who were requested to register cases in their care. 

To avoid errors regarding the domicile, patients were questioned in the 
hospital or at home by social workers. Bantu personnel were found most 
suitable for this purpose, being unconnected with the hospital and able 
to speak one or more Bantu languages. 


Definition of the Population-at-Risk 


Wartime and postwar development have led to rapid changes in the 
Bantu population. For example, in 1936 Moroka, Jabavu, and Kliptown, 
and the major portion of Orlando township did not exist, and Alexandra 
township possessed 15,945 inhabitants. In 1953, the new townships 
housed an estimated 148,000 and Alexandra township 76,000. 

The latest census (1951) provides figures for total population, but the 
age and sex distribution are unavailable, and we do not know to what 
extent those derived from the 1946 census would be applicable to the 
present population. However, as certain restricted surveys are available, 
giving age and sex distribution for individual townships (table 1) in 
Johannesburg, this report has been limited to these and to others of 
similar type to which the figures for comparable townships might arbi- 
trarily be applied. The differences between townships (table 1) are rela- 
tively slight, and errors caused in this approximation are not likely to 
affect the results seriously. 

The sources of information and approximations involved are given in 
table 2, while the totals in each age and sex group at risk are given in 
table 3. 


TABLE 1.—Age-sex distribution of certain Bantu population groups in Johannesburg 











Sophiatown 
A and Orlando East |Orlando West Jabavu Alexandra 
ge Martindale 
group 
M F M F M F M F M F 
0-4 13.2 | 16.9 | 16.00 | 15.58 | 16.9 | 17.3 | 20.7 | 20.3 | 15 17 
5-14 15.0 | 21.6 | 20.92 | 22.23 | 22.9 | 24.7 | 23.8 | 26.0] 17 22 
15-24 15.5 | 15.2 | 18.07 | 18.30] 17.1 | 18.0] 11.3 | 149] 13 19 
25-34 21.3 | 22.61] 1238 | 13.72 1125 | 15.3] 144 | 22.1 | 22 19 
35-44 19.7 | 12.2] 13.34 | 14.42 | 143 | 11.9 |] 19.6 | 10.2 | 20 12 
45-54 8. 7 6.9 | 10. 04 6. 87 8.4 5.2 7. 6 3.4} 10 6 
55-64 4.5 33 4. 45 3. 93 2.8 2.9 1.8 2.0 2 3 
65-74 1.3 1.4 1. 83 1. 56 oe 1.2 0.5 0.9 L2 1 
75+ 0.8 0 0. 46 1. 26 0.5 1.0 0. 1 0.3 0. 5 0. 5 
Unknown a — 2. 50 2. 13 3. 5 2.5 
Total 100. 0 |100. 1 | 99.99 |100. 00 [100.0 |100. 0 [100.0 |100. 0 {100.8 | 99.5 



































Main Characteristics of the Population-at-Risk 


It will be noticed that older age groups are poorly represented, and a 
sharp drop occurs in the region of the forties, the drop occurring rather 
earlier in females than in males. Because of the small number of aged 
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people, marked variability can therefore be expected in calculated rates 
for the older groups. The figures emphasize the virtual impossibility of 
interpreting crude cancer ratios derived from a population with such 
irregular age distribution. 


TABLE 2.—Estimated total populations of the selected townships used in 
establishing cancer rates 





























‘ iio Source of 
—s Estimated Origin of 
Township population estimate* pe. 
SESE LN EERE EE CREE PT 74, 822 (a) (b) 
I ho eo ion seta con gual pnas ads 31, 756 (c) (d) 
NN ao og inks al dalle gusiacniemi wre ck 18, 814 (c) (d) 
SE I io oivicsscaww acne cdeaceu 18, 330 (e) (b) 
Albertynsville and Kliptown............. 9, 123 (f) (b) 
SI ON oo ke Teron acre nw: stoceteretacw' bi 2, 549 (f) (h) - 
a ee 17, 400 (g) (b) z 
MI is cs ho.u ts toad. waa gt aka ecerte ea Ries 27, 200 (g) (i) em 
1 SEIS SEES Bare is ee Ungar ey oe en ewE ee Sat 43, 000 (g) (i) ° 
Sophiatown, Martindale................ 39, 186 (c) (c) “y 
aa Sa ai a aca tear wi acendrale 14, 561 (c) (c) =a 
Western native township................ 13, 240 (f) (h) oud 
Eastern native township................ 4,171 (f) (i) wn 
ve 
Ee nae anGiar oad nia ele eae acare a eee 314, 152 3 
*(a) Our survey of Alexandra township, 1953, gave a total of 77,112. The figure of 2,290 non-Bantu was obtained — 
irom the 1951 census and subtracted. 
(b) Our survey, 1953, of Alexandra township. — 
(c) Feldman’s unpublished survey, 1950 (4). _ 
(d) “s “ “ 1952 (5). oa 
(e) Census estimate, 1953, less Feldman’s figures for Orlando, East and West, 
(f) Census, 1951. 
(g) Census, 1951, with correction for estimated population, 1953. — 
(h) Adopting the figures for Sophiatown and Martindale. pe 
(i) Feldman's unpublished sample study, 1952, of this township. “ 
TABLE 3.—Estimated tot¢l population of Bantu in certain selected J 
Johannesburg urban and peri-urban townships pi 
Males Females a 
Age group 
Number Percentage Number | Percentage 
0-4 24, 227 15. 35 26, 828 17. 12 
5-14 28, 275 17. 85 35, 424 22. 6 
15-24 22, 414 14.5 27, 593 17. 64 
25-34 31, 221 19.8 30, 505 19.5 
35-44 29, 801 18. 9 19, 319 12.7 
45-54 14, 902 9. 43 9, 605 6. 14 
55-64 4, 688 2. 96 4, 678 2. 99 
65-74 1, 944 L 23 1, 827 La 
75+ 850 0. 54 764 0. 49 
Total 158, 331 156, 543 

















Difference between Total Population and Population-at-Risk 


In assessing the accuracy of rates it is necessary to know what propor- 
tion of patients escapes detection. This was especially necessary in view 
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of the widely held belief that primitive groups would be especially un- 
willing to seek modern Western medical assistance. In this survey, 
however, the contrary was found. For example, in Alexandra township 
the great majority of those interviewed, was prepared to seek the advice 
of Western medical practitioners when ill. About 1 percent stated that 
they would not do this, in many cases on account of religious teaching. 
Since, however, a death certificate is necessary for burial, even those with 
religious grounds for avoiding medical assistance consult a doctor when 
a patient is in extremis to avoid the necessity of a medico-legal necropsy 
before issue of a burial order. 

An unknown percentage leaves the city to convalesce in the country 
or because of inability to continue earning, but a survey of attitudes sug- 
gests that this group is small. 

Despite these losses, therefore, we feel justified in regarding the popu- 
lation-at-risk as essentially synonymous with the total population. 


Period of Study 


The study covered a period of 2 calendar years—January 1, 1953, to 
December 31, 1954. Cases diagnosed in a hospital were registered ac- 
cording to the date of first admission when cancer was diagnosed. For 
those never admitted to a hospital, the date of registration or of the death 
certificate was taken, whichever was earlier. 


Results and Discussion 


The age- and sex-specific rates for all cancers calculated from this 
series of approximations have given reasonably regular curves, correspond- 
ing fairly closely with those reported for the American Negro. The 
curves for certain specific cancers, such as carcinoma of the cervix, also 
coincide with those reported for American Negroes. Furthermore, our 
1953 and 1954 figures for primary carcinoma of the liver were essentially 
of the same order. 

The number of cases of primary liver cancer, classified according to 
stringency of diagnosis, is given in table 4. As clinical diagnoses are 
fallible, the total number may well be somewhat overestimated. This is 
especially likely to affect the older age groups where the proportion of 
cases diagnosed clinically was higher (table 4). It is possible that the 
accuracy of clinical diagnosis has been improved by the use of batteries 
of hepatic function tests—these are more readily available for hospital 
cases. 

In table 5 are shown the rates derived from the total Bantu registra- 
tions and those from Danish and U. S. populations. It is evident that 
the Bantu rates, calculated from 2 or 3 cases in an age group, cannot be 
precise, but the trends have a greater significance than individual figures. 

The most satisfactory method of camparison, however, is to contrast 
the observed number of cancers in the Bantu population with the expected 
number for other populations (table 6) of the same size, age, and sex 
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TaBLE 4.—Liver-cancer cases with source of diagnosis from the population of table 3 





























Males Females 
Total : | Others | Diagnosed , | Diagnosed 
Age group cases Race a _ diagnosed| by general} Total Rae ne by general 
1953- |SCecesy | in racti- cases | /Obically. i- 
confirmed P confirmed practi 
1954 hospital | tioners tioners 
| | 
5-14 1 0 0 0 0 0 
15-24 1 1 0 0 1 1 0 
25-34 10 5 4 1 1 1 0 
35-44 21 14 5 2 2 1 1 
45-54 9 4 1 4 3 1 2 
55-64 9 4 0 5 7 3 4 
65-74 6 1 1 4 3 0 3 
75+ 0 0 0 0 2 0 2 
Total 57 | 30 | 11 | 16 19 | 7 12 











TaBLeE 5.—Total liver cancer in different races per 100,000 per annum 























Age group | Bantu | Danes | U. S. Whites | U.S. Negroes 
Males 

5-14 1.8 0 0.1 0 
15-24 2. 2 0 0. 2 0 
25-34 16 0 0.3 1.2 
35-44 37 0 0.9 3. 1 
45-54 30. 2 0.5 4.4 12.8 
55-64 96 1.5 21.9 14.7 
65-74 154 4.5 25. 0 17.0 
75+ 0 6. 40. 5 27.1 

Females 

5-14 0 0 | 0.1 0 
15-24 1.8 0 0. 1 0.7 
25-34 1. 6 0 0. 1 1.0 
35-44 5. 8 0 0. 6 
45-54 15. 6 1.0 4.6 4.0 
55-64 76. 1 0.5 13. 4 9.5 
65-74 82 1.5 | 21. 6 6. 6 
75+ 131 4.5 | 47.7 15.7 














distribution. This suggests that at Bantu rates the number of hepatomas 
encountered is about 50 to 100 times higher than what would be expected 
at Danish rates and 5 to 10 times higher than at U.S. rates. Since the 
age of onset differs, as well as the slope of the curve, the ratios of observed 
to expected numbers will depend on the nature of the standard popu- 
lation chosen—here the Bantu population has been the standard. 

The rates indicate, furthermore, that incidence rises with age. This 
fact has been missed by earlier students of cancer ratios. Berman (6), 
for example, held that, in the Bantu, carcinoma of the liver is mainly a 
disease of young adults. If allowance is made for the number represented 
in each age group within the population, the increase with age is apparent 
and follows the pattern of most carcinomas. What is striking, however, is 
the early age of onset—a fact that has been noted by most observers. 
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This early incidence is responsible for the reported variation in apparent 
frequency of this cancer. In the male population under 45, about 50 per- 
cent of all carcinomas arose in the liver; above this age the proportion 
declined rapidly. 


TABLE 6.—Number of cases of liver cancer found compared with expected number from 
a population of identical size and age and sex groupings over a 2-year period 



































| . . . . 
Age group Population Me of Expected number in similar population 
at risk = | Denmark | U. 8. whites |U. 8. Negroes 
| Males | | 
5-14 28, 275 1 0 .06 | 0 
15-24 22, 414 1 0 .0o9 | 0 
25-34 31, 221 10 0 19 | . 37 
35-44 29, 801 21 0 56 | 1.85 
45-54 14, 902 9 15 | 42131 | 3.81 
55-64 4, 688 9 14 | 2.05 1. 38 
65-74 1, 944 6 18 | 97 | . 68 
75+ 850 0 | 68 . 46 
Total 158, 331 57 58 | 5.91 | 8655 
Factor 1.0 99 9.7 7. 45 
Females 
5-14 35, 424 0 0 .07 | 0 
15-24 27, 593 1 0 06 | . 36 
25-34 30, 505 1 0 . 06 . 60 
35-44 19, 319 2 0 . 21 . 66 
45-54 9, 605 3 .20 | . 87 77 
55-64 4, 678 7 05 1.25 | . 88 
65-74 1, 827 3 06 79 | . 24 
75+ 764 2 07 73 . 24 
Total 156, 543 19 38 | 404 | 3.75 
Factor 1.0 | 50 ) #7 | 51 
| 








The greater susceptibility of males to liver cancer is confirmed, but the 
sex ratio appears to vary with age, as demonstrated earlier (1). Female 
cases are relatively rarer in the younger age groups, but become more 
common in the older groups, when the disparity between the sexes tends 


TABLE 7.—Ratio of male to female rates, according to diagnostic stringency 

















: : All hospital cases 

a Histologic (histologic and Total 

group clinical) 
Rates Ratio Rates Ratio Rates Ratio 

0-14 1.8/0.0 1.8 / 0.0 1.8 / 0.0 

15-24 aor oo 3 337 %3 3 | 23728 1.3 
25-34 8.0/1.6 5. 6 14.4 / 1.6 9.0 | 160/ 1.6 10. 0 
35-44 23.4 / 2.6 9.2 31.8 / 2.6 12. 2 37.0 / 5.8 7.1 
45-54 13.4 / 5.4 2. 4 16.8 / 5.4 3.1 30. 2 /15. 6 2.0 
55-64 42.8 /32.0 1.3 42.8 /32.0 1.3 96.0 /76.1 | 13 
65-74 25.7 / 0.0 51.4 / 0.0 154.0 /82.0 | 1.9 
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to disappear (table 7). In this survey, below the age of 45 the male 
incidence is approximately 6 times that in females. Above 45 the disease 
is about twice as common in males. This applies to total as well as to 
histologically confirmed cases. 

Evidently crude sex ratios for carcinoma of the liver are dependent on 
so many variables that they should be replaced, where possible, by age- 
specific sex ratios. 


Summary 


1) Preliminary age- and sex-specific liver-cancer rates are presented for 
the Bantu population ef certain townships in the Johannesburg district 
of the Union of South Africa. The possibility of extracting cancer rates 
from relatively limited data is demonstrated. 

2) The rates are 50 to 100 times higher than those expected from a 
Danish population and 5 to 10 times higher than those expected from 
United States populations of age and sex distribution similar to this 
Bantu group. 

3) The earlier incidence of hepatoma in the Bantu is confirmed, but the 
disease is not confined to the younger age groups and its incidence increases 
steadily with age. 

4) The incidence is higher in males than in females, but the sex ratio 
varies with age, being very much higher in the first 5 decades than 
thereafter. 
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On the Heredity of Glioblastoma 1? 


B. Harvayp and M. Hauce,’ The University Insti- 
tute for Human Genetics (Professor Tage Kemp, 
M.D.) and The University Clinic, Department of Neu- 
rosurgery (Professor Eduard Busch, M.D.), Copen- 


hagen, Denmark 


During the past few decades various reports have appeared on the sig- 
nificance of inherited factors in the development of malignant tumors 
(1-4). On the basis of the literature available Kemp (5) in 1948 con- 
cluded that the influence of heredity consisted partly of a general predis- 
position to develop malignant growths and partly of factors governing the 
localization of tumors. Koch (6,7) has claimed that inherited factors 
also play an etiologic role in the development of intracranial tumors, 
especially glioblastomas. One may object, however, that his studies are 
based on case reports only. 

This paper reports a systematic proband study of patients with glio- 
blastomas. 

Materials and Methods 


The probands were patients with microscopically verified glioblastomas 
(angionecrotic or cellular) obtained from the Neurosurgical Department 
of the Copenhagen University Clinic from 1945 to 1953. The total series 
comprised 189 patients. From this material we excluded altogether 20 
deceased patients about whom family data could not be procured. In 
10 of these cases it was impossible to identify the patient because false or 
insufficient data had been given to the hospital; 1 patient was an adopted 
child; 4 patients had no surviving relatives who could supply information 
and in 5 cases the surviving families refused to collaborate. So the final 
series studied comprised 169 families. 

Weinberg’s proband method with minor modifications was used. The 
following groups of relatives were examined: parents, siblings, children, 
parents’ siblings, and half siblings. Parents’ siblings were included only 
in families where at least 1 sibling was living and able to supply data. 
Relatives who had emigrated were not included. 

The control series was derived from the major control material available 
at the University Institute for Human Genetics, consisting of persons 

1 Received for publication January 31, 1956. 
2 This investigation was supported by a research grant (C-948) from the Nationa] Cancer Institute of the Na- 
tional Institutes of Health, U. 8. Public Health Service. 


§ With the technical assistance of H. Nérgard and G. Gotfredsen. 
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from different social groups: craftsmen, clerks, nurses, old-age pensioners, 
and others. In this control series no proband was included with a verified 
or suspected diagnosis of cancer, The controls for this study were selected 
by chance from the major material in the following way: Each patient of 
the proband series was paired with the first person in the control series 
who was of the same sex and the same age as the proband, the maximum 
deviation being + 1 year. In the control group, as well as in the proband 
series, the relatives were paired in the same manner. 

Within the groups of relatives examined, information was obtained on 
all cases of intracranial tumor and cancer and, for deceased persons, on the 
causes of death—in most instances through death certificates or hospital 
records. 


Results 


Tables 1 and 2 present the number of cases of intracranial tumor and of 
cancer among relatives of controls and probands, according to age groups. 
It may be seen from these tables that the control series is very similar to 
the proband series in the distribution of relatives among the different 
groups. Hence, a direct comparison may be justified. Furthermore, 
there is no significant difference in the sex ratio in the 2 series. 

A total of 5 cases of intracranial tumor occurred among the 1,744 rela- 
tives in the proband series and 5 cases also among the 1,625 relatives in 
the control series. 

The data regarding secondary cases in the proband series are relatively 
inhomogeneous. Only 1 of the patients had received neurosurgical treat- 
ment, and this is the only case with microscopic verification (astrocytoma 
at the fissure of Sylvius). In 2 of the remaining cases the tumors were 
post-mortem findings, and in 2 the diagnosis was based merely on clinical 
findings. 

In the 5 secondary cases of the control series, the diagnoses were based 
on microscopic examination of the tumors (oligodendroglioma and glio- 
blastoma) in 2 patients, autopsy findings in 1 patient, and clinical findings 
in 2 patients. 

At the time of examination, 134 of the proband series and 130 of the 
control series had died from cancer. 

Table 3 gives the calculation of risk of dying from cancer for close and 
distant relatives in both the proband and control series. This calculation 
is based on the life-table method and was carried out along the lines 
indicated by Nyholm and Helweg-Larsen (8). These data are interpreted 
as the risk of dying from cancer which the relatives undergo if they reach 
a given age without dying of other causes. For each age group the num- 
ber of cancer deaths among relatives and the number examined and still 
surviving at the time of the investigation are computed. A person is 
counted as half a unit in whatever age group his death or our examination 
took place. The calculation of the risk of dying from cancer previous to 
some age limit z, denoted R, (here computed for the age of 80, Ry), is based 
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on an elementary life-table formula.* The risks computed for close and 
distant relatives in the proband and in the control series are found to be 
of the same magnitude, thus indicating no significant difference between 
the proband and the control series with regard to the risk of dying from 
cancer. 

Table 4 shows the number of relatives in the control and proband 
series with different forms of cancer. None of the main groups differ 
significantly. The age at death from cancer may be read from table 3, 
which shows that in this respect, too, the proband and the control series 
are practically identical. 


TaBLE 4.—Type and site of malignant growths in relatives of probands and controls 








Type and site of primary cancer oe nen 
EE WIEN dio icadearonna cane hace aon eemsadeos 5 5 
Mesodermal tumors: 

I Sarah corte lig dite Ac ah yin Re wie be 9 t 
SPEC TT CC OTT eT EATER EET: 1 1 
Ne Baits ia a nos he Gd Boch adi ic aa eee Rk 9 8 
Carcinomas: 

Upper alimentary tenes... ci osc ccccccccccecscces 3 3 
cA. 5is gah 0 vc Ai e's iarae aiw Oo AUER Gta ae BRR aie 3 11 
lo a a ot 6 5 dla kc bce Knee tape and Oe rw aed ena 29 22 
it ane oD borin hb, aC WA Reo wate 8 7 
ES AOE LE LE TE ET 7 10 
Pancreas, bile duct, and gall bladder................ 5 2 
TB ae rere 1 1 
Se carat hike kr taka ee Oaw mn Brareo' stb eae ewes Sie 4 1 
Ns ban 4h onrnrehe etn cwd on tacbrwernewamairs 0 5 
a ick cr beh Gebel Kus wa pneee wehbe ea Re D 7 10 
satel: Line paatsitanmetaeinirmiaenknasteats one 5 6 
I dy Sa erg eg Se an st hip eta ei Pd DI ne Os 10 7 
ca ct sta tid ee ah ae er rina aeRO Peo w Ce ated 3 3 
RN ask asc 6S vaca ly a as aes ohne graven oo erecta cw oe Tal’ 0 1 
ae als ak Ssh sin chal Pe beach een eae Manna Sins wa cee 1 0 
Riles si ceniign re &wewde sn ednenéadamen eer 25 23 
PN ds: xt ti lS sia is ste Sa wd atin Sevag ag haa 135 130 











Hence, the present study did not reveal any significant difference be- 
tween the proband and control series with respect to the occurrence of 
intracranial tumors, of cancer in general, of cancer of special sites, nor 
with regard to the age at which the cancer manifests itself (expressed by 
the age at death from cancer). 


80 

4 In the original formula: Re=100—100 e Se Hrd where ¢ denotes the base of the natural logarithm and p is 
the death intensity at a given age, the integration over the period from age 0 to age 80 is approximated as follows: 
| 9 *~2(A/L), where A is the number of deaths from cancer in a given age interval, and L is the number of persons 


having passed this interval. The variance is estimated from the expression: Variance of computed Rw<(100— 
Rw)*2(A/L). 
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Twins 


Three of the probands were twins. In all cases the co-twins were 
healthy. 


(1) = Oo monozygotic, discordant 
died at 46 years 
40 years 


(2) oO dizygotic, discordant; co-twin 
died at died at died from chronic cor pulmonale 


53 years 55 years 


(3) a oO dizygotic, discordant 
died at 55 years : 
53 years 
Discussion 


The present findings do not support the statement that hereditary fac- 
tors play a major role in the etiology of glioblastoma. This applies to 
factors influencing the development of malignant growths on the whole, 
as well as to factors governing the localization of tumors, since neither the 
total cancer risk nor the risk of intracranial tumor is higher among the 
relatives of the probands than among those of the controls. 

On the basis of the reported cases of familial glioblastomas and of the 
concordant occurrence of glioblastomas in identical twins, Koch (7) con- 
cluded that in certain cases glioblastoma is hereditary. He even goes so 
far as to advance the hypothesis that the hereditary cases are due to an 
inherited “gliadysplasie,’”’ also said to be demonstrable microscopically in 
tissue beyond the tumor proper. A perusal of the literature, however, 
shows that the “familial” occurrence of glioblastoma has been reported 
in only 5 cases (6, 9-11). In all the other cases the nature of the tumor 
is questionable in 1 or both cases or else only 1 of the relatives had a glio- 
blastoma, whereas the other had an intracranial tumor of a different 
nature. In a disease which is so common, relatively, as glioblastoma, 
familial cases must be expected now and then but it does not necessarily 
follow that heredity plays a role. 

Glioblastoma in twins which were probably monozygotic has been re- 
ported only 5 times (12-16). Real concordance, however, was present in 
only 1 of the cases (13), in which both partners had gliomas. The case 
histories and microscopic reports (“glioma”), however, do not give any 
clear evidence that the tumors were glioblastomas. Thus, the literature 
on twins does not support the assumption that glioblastomas may be 
hereditary. 

The distribution of cancer among the relatives in our proband series 
was, with respect to nature and localization, rather close to the distribu- 
tion of cases reported to the Cancer Registry (cf. Brgbeck (1), pp. 64, 65). 
The only exception is afforded by mesodermal tumors. Their relative 
frequency among secondary-cancer cases in our series was significantly 
higher than the relative frequency listed in the Cancer Registry (19 out 
of 135 cases of cancer in our proband series as compared with 1,013 out 
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of 25,735 cases reported to the Cancer Registry). However, in the ab- 
sence of any significant difference between our proband and control series 
for the occurrence of mesodermal tumors, this probably means merely 
that mesodermal tumors—no doubt primarily leukemias—are often not 
reported to the Cancer Registry. 


Conclusion 


The present series indicates that inherited factors do not play any major 
role in the etiology of glioblastoma. 


Summary 


Among 1,744 relatives of 169 patients with histologically verified 
glioblastomas, the authors found 5 cases of intracranial tumors and 129 
cases of cancer at other sites. For purposes of comparison, the authors 
studied 1,625 relatives of 170 controls of the same sex and age distribu- 
tion as the proband series, and found 5 cases of intracranial tumor and 
125 of cancer of other sites. On the basis of these findings it is concluded 
that inherited factors play no major etiologic role in glioblastomas and 
that the latter bear no genetic relation to other types of cancer. 
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Quantitative Studies of the Local Cel- 
lular Response to Isoantigens ‘”* 


M. E. Dretssacu, G. D. SNELL, and R. S. Spems,®* 
Roscoe B. Jackson Memorial Laboratory, Bar Harbor, 
Maine 


Studies of the changes in the cell population of the peritoneal fluid of 
mice following an intraperitoneal injection of nontoxic antigenic material 
have recently been reported (1-4). In mice not previously sensitized to 
the antigenic material, there was an immediate and transient neutro- 
philia, a slight eosinophilia, and a gradual increase in the number of 
mononuclear cells, depending upon the type of antigen injected. How- 
ever, in mice which had been previously sensitized to the injected antigen, 
differences in response were noted both in the mononuclear and eosinophil 
cells. There was a significant increase in the number of these cells, as 
well as a different pattern of response. A local eosinophilia between the 
4th and 10th days was found to occur whenever an antigen was reinjected 
into sensitized animals. These cells therefore appeared to be involved 
in the immune responses of the animals. 

This paper reports additional information concerning the specificity of 
the eosinophil response in the immune reactions of the mouse. A com- 
parison was made of the local cellular responses following single and 
multiple injections of native tissue extracts (recipient and donor mice 
were of the same inbred stock) with the responses obtained following 
similar injections of an isoantigen (tissue extracts from donor mice which 
were genetically different from the recipient.) Studies were also made to 
determine whether animals which had successfully overcome a tumor 
homograft would show signs of sensitization when challenged with a non- 
tumorous tissue extract derived from the strain of origin of the tumor. 


Materials and Procedure 


The materials injected were extracts of frozen-dried spleen from A/Sn, 
BBF,, and B10.D2 (see below) mice and transplantable tumor cells from 


1 Received for publication April 24, 1956. 

2 This investigation was supported by research grants from the National Cancer Institute of the National 
Institutes of Health, U. S. Public Health Service. 

3 Public Health Service Special Research Fellow of the National Cancer Institute, now at Brookhaven National 
Laboratory, Upton, N. Y. 

4 The authors would like to take this occasion to thank Dr. U. Wenck and Dr. A. Kandutsch for their help 
and suggestions. 
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strain A sarcoma I (Sal). The spleen was harvested and frozen-dried, 
and prior to use, was homogenized with physiologic saline in a Potter- 
Elvehjem glass homogenizer. The homogenate was centrifuged at 900 
X g, the supernatant was decanted, and the sediment was then re-extracted 
twice with saline. The supernatants were pooled and adjusted to a 
concentration of 27 mg. dry weight per ml. The Sal tumor cells were 
harvested and a suspension composed primarily of single cells was made (5). 

The recipient mice consisted of A/Sn, the hybrid BBF,, and C57BL/10 
< DBA/2 (hereafter referred to as B10.D2) (2,6). Only males from 3% 
to 6 months of age were used. They were housed 1 to 3 animals per cage 
and fed ad libitum on Purina laboratory chow. Two days before the 
peritoneal-fluid samples were taken, the cages of mice were placed in a 
darkened cabinet maintained at 37° C., and care was taken not to disturb 
the animals before sampling. 

In a group of 115 mice, the cellular content of the peritoneal fluid was 
determined following intraperitoneal injections of 0.2 ml. of splenic-tissue 
extract. The animals receiving multiple injections of the extract were 
given 5 subcutaneous injections of 0.2 ml. each on days 1, 2, 3, 8, and 15 
and a final intraperitoneal injection on the 22nd day. 

A second group consisting of 13 mice was inoculated subcutaneously 
with living SalI cells, approximately 1 million cells per mouse in 0.5 ml. of 
Ringer’s solution. Eleven days later there was small to medium tumor 
growth in all animals, and by day 25 these tumors had completely regressed. 
On day 25 and day 40 two smaller booster injections of Sal cells were given 
but no tumor growth was observed. One week after the last booster 
injection, these mice were challenged with an intraperitoneal injection of 
0.2 ml. of an extract prepared from spleens of nontumorous animals of 
the strain of origin of the tumor (strain A). 

The peritoneal fluid was withdrawn through a small ventral midline 
incision in a standard red-cell pipette and diluted 1:200 for chamber 
counts of total and eosinophil cells. The diluting fluid for total cells was 
a 30% acetone solution plus toluidine blue. The eosinophil diluent con- 
sisted of a 15% acetone solution plus phloxin B. Care was taken to 
count cells in the center of the counting chamber within 5 to 10 minutes 
after loading to avoid concentration of the cells by evaporation of the 
acetone. Since this study was done, propylene glycol has been found 
to be a more satisfactory diluent for total-cell counts of peritoneal fluid (2). 
Two peritoneal-fluid smears were made for each animal, and differential 
counts were determined by counting at least 100 cells on each slide. 


Results and Discussion 


The data obtained in this experiment are summarized in table 1 and 
text-figure 1. It may be seen that on the second day after all intra- 
peritoneal injections a neutrophilia occurred as well as an increase in 
mononuclear and eosinophil cells. The neutrophils are rarely found in 
the fluid of the noninflamed peritoneal cavity, but immediately following 
an injection they appear in large numbers (2,3). They usually begin to 
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CELLULAR RESPONSE IN PERITONEAL FLUID TO AN INJECTION OF ISOANTIGEN IN 
SENSITIZED AND NON-SENSITIZED BBF, MICE 
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TEXT-FIGURE 1.—Response of cells in peritoneal fluid to an injection of isoantigen in 
sensitized and nonsensitized BBF; mice. 


diminish in number after 24 hours and are found only occasionally after 
the 4th day. However, to get a more detailed picture of the response of 
this cell, additional periods between 1 and 24 hours would have to be 
studied, which was not done in this experiment. 

The mononuclear cells increased in number on the second day following 
all injections. The amount of increase was similar regardless of whether 
the material injected was an isoantigen or a@ native tissue extract, or 
whether the animal had been previously injected with that material. By 
the 4th and 10th days the number of these cells decreased to approximately 
normal levels in all animals, with the exception of those which were 
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reinjected with the isoantigen to which they had been previously sensitized. 
For example, the BBF, mice which had been sensitized and challenged 
with strain A splenic-tissue extract showed a progressive increase in the 
number of mononuclear cells over the period of the experiment. The 
animals which had been sensitized with sarcoma I cells and challenged 
with A splenic-tissue extract had a mononucleosis on the 4th day which 
decreased by the 10th day. Thus, the animals which had been sensitized 
and reinjected with an isoantigen had a prolonged period of mononucleosis 
compared with animals injected with native tissue extract. It is possible 
that certain types of mononuclear cells were responding specifically to the 
reinjected antigen. However, all gradations in morphology from one cell 
type to another were observed, and we were unable to differentiate clearly 
among the lymphocytes, plasma cells, histiocytes, monocytes, etc., with 
the staining techniques used. The problems of differentiating these cells 
have been discussed in detail by Bloom (7,8). 

The eosinophil cells markedly increased in number in the peritoneal 
fluid following an injection of antigen, but there appeared to be 2 different 
types of reactions. When the intraperitoneal injection consisted of native 
tissue extract or when the isoantigen was injected into mice not previously 
sensitized to that antigen, an eosinophilia occurred on the second day after 
injection. This eosinophilia was relatively mild, subsided by the 4th day, 
and was completely absent by the 10th day. However, when the intra- 
peritoneal injection consisted of the isoantigen to which the animal had 
been previously sensitized, a greater and more prolonged eosinophilia 
occurred which reached a peak at 4 days and was still evident on the 10th 
day. Likewise, the animals which had previously been injected with 
strain A tumor cells (SalI) showed a similarly prolonged accumulation of 
eosinophils following an injection of strain A tissue extract. However, 
the 4- and 10-day eosinophilia did not occur following reinjection of native 
tissue extract. For example, repeated injections of strain A splenic-tissue 
extract resulted in a marked accumulation of eosinophils 4 days after the 
final injection in BBF, and B10.D2 mice but not in strain A/Sn animals. 
This indicates that the eosinophilia is related to immune mechanisms of 
the mice and not to nonspecific responses produced by injections of tissue. 
These data confirm and extend previous observations in which foreign 
proteins, toxoids, complex polysaccharides (pollen), and parasitic extracts 
produced characteristic local eosinophil-response curves when injected into 
animals previously immunized against the antigen (1-4). 

The role of various cells which accumulate around tissue grafts, tumors, 
and pathogens has been largely neglected in recent years. This has also 
been noted by Felix and Dalton (9), who recently emphasized the need for 
study of normal peritoneal-fluid cells in studies of ascites-tumor growth. 
The experiments in this paper demonstrate that the cell changes which 
occur in the peritoneal fluid following an intraperitoneal injection vary, 
depending upon the state of host immunity. The specificity and extent 
of the eosinophilia induced by isoantigens reported in this paper tend to 
emphasize the importance of these cells in host resistance. Interesting 
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observations along this line have been made by Casey (1/0). This is 
emphasized even further in recent work describing a local accumulation 
of eosinophil cells around tissue homografts about to slough off (11,12). 
It is possible that further studies may enable the pathologist to determine 
the state and degree of host resistance by determining the nature of the 
local cellular response. This could be done quantitatively, not only in the 
peritoneal fluid but also in other body fluids. 


Summary and Conclusions 


1) This paper describes the local cellular responses to injections of 
isoantigens in sensitized and nonsensitized mice and in mice which had 
previously overcome tumor transplants. 

2) It was observed that injections of isoantigens into nonsensitized mice 
produced a transient neutrophilia, eosinophilia, and mononucleosis of the 
peritoneal fluid. This response subsided by the 4th day and disappeared 
by the 10th day after injection. 

3) In animals which were challenged with the isoantigen to which they 
had been previously sensitized there was also a transient neutrophilia. 
However, there was a marked accumulation of eosinophils, reaching a peak 
on the 4th day and still present 10 days after injection. An increase in 
the number of mononuclear cells was also observed on the 4th and 10th 
days. 

4) Repeated injections of living sarcoma I cells into BBF, mice sen- 
sitized the animals to the isoantigen of the strain of origin of the tumor, as 
determined by the local eosinophil response. 

5) The accumulation of eosinophils between 4 and 10 days did not occur 
following repeated injections of tissue extracts prepared from mice of the 
same genetic constitution as the recipient. This indicates that the 
response is specific for antigenic materials and must be related to immune 
reactions of the animal. 

6) It was suggested that further quantitative studies of the local cell 
population around grafts, tumors, and pathogens would give indications 
of the state and degree of host resistance. 
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A Rapid Quantitative Hematocrit 
Method for Measuring Increase in Cell 
Population of Strain L (Earle) Cells 
Cultivated in Serum-Free Nutrient So- 
lutions !-? 


Cuarity Waymouts.’ Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 


The nutritional needs of the single-cell line of strain L mouse fibroblasts 
(1,2) have been the subject of numerous investigations (3-17). Estima- 
tion of the proliferation of cultures of this strain of cells has been made 
by means of (a) nuclear counts (4,18—22), (6) cell counts (3), (c) nucleic 
acid estimations (23), or (d) by rating on an arbitrary scale (15,17). The 
nuclear-count method has the disadvantage of requiring special and 
somewhat elaborate apparatus. For both nuclear and cell counts, 
cultures must be handled individually, and when several cultures 
are to be subjected to counts, the aggregate effort is tedious and time- 
consuming. The method to be described here requires only simple 
apparatus and has the advantage that several estimations can be run 
concurrently. It provides a quantitative measure of the size of the cell 
population with a precision consistent with the amount of variation to be 
expected in the culture system. The method is similar in principle to 
one briefly described by Gemmill, Gey, and Austrian (24) for measuring 
the volume of cells from roller-tube cultures of the Walker rat sarcoma 319. 
The technique of these investigators was similar to that described here 
in that they employed trypsin digestion and centrifuged the cells in a 
hematocrit tube. 


Materials and Methods 


Stock cultures of strain L cells (A929-144-20) were obtained in Decem- 
ber, 1953, through the courtesy of Dr. W. R. Earle. They had been 
grown at the National Cancer Institute in a medium of chick-embryo 
extract, horse serum, and balanced salt solution in a proportion of 20:40:40. 
For the first 4 months in our laboratory, stock cultures were maintained 
in Carrel D-3.5 flasks in a similar medium (25). Thereafter, by substitut- 
ing a defined nutrient (15,16) for the balanced salt solution, it became 
possible to reduce the concentration of chick-embryo extract to 10 or 


1 Received for publication April 27, 1956. 
2 Supported by a grant to Dr. P. R. White (CP-59) from the American Cancer Society, made upon recommenda- 
tion of the Committee on Growth of the National Research Council. 
3 With the technical assistance of Mrs. M. A. Dunbar. 905 
oO 


Journal of the National Cancer Institute, Vol. 17, No. 3, September 1956 











306 WAYMOUTH 


5 percent and the concentration of horse serum to 20 or 10 percent. From 
October, 1954, embryo extract was entirely omitted and all stock cultures 
were maintained in media containing 90 or 95 percent of a synthetic 
nutrient (ML 6) supplemented with 10 or 5 percent of rabbit serum instead 
of horse serum. The medium containing 10 percent rabbit serum was 
designated ML 94/4, that containing 5 percent rabbit serum, ML 97 (16). 
Each Carrel flask contained 1 ml. of nutrient medium. 

The experimental cultures for which this quantitative growth assay 
was designed were grown in media containing no serum or embryo ex- 
tract; instead they contained a commercial peptone (Difco Bacto-Pep- 
tone) and a protein (Armour’s bovine serum albumin, fraction V). Me- 
dium ML 192/2 is the prototype of these media and is described in the 
accompanying paper (16). Cultures for assay were always prepared from 
cells which had been maintained in ML 192/2 for several passages, usually 
for months. Cells from the parent cultures were scraped off the floor of 
the flask with a pipette with a curved tip, and the cells were dispersed by 
rapidly and repeatedly taking up and ejecting the suspension with the 
pipette. The cultures were made from the well-stirred cell suspensions, 
using an equal number of drops from a single pipette for each flask in the 
series. The inocula varied from one series to another, but fell within 
the range of 160,000 to 400,000 cells per flask. 

The cell population was measured by determining the volume of cells 
contained in 1 Carrel flask with a Van Allen hematocrit (26). This 
microhematocrit has a capillary stem and a bulb and its total capacity is 
slightly more than 1 ml. Thus, it conveniently contains the entire con- 
tents of 1 flask. The stem is graduated in 100 parts, and the length of 
the graduated section is 60.15+0.12 mm. (standard error of the mean). 
The internal bore approximates 0.50 mm. in diameter. A check calibra- 
tion on 24 hematocrits (supplied by A. H. Thomas Co., Philadelphia) 
demonstrated that the bore is of a satisfactory uniformity (0.50+0.02 mm.) 
to give reproducible readings. 

In preparation for the assay, the cells were detached from the glass by 
introducing into each flask, without removing the nutrient, 0.2 ml. of a 
0.25 percent solution of trypsin (1:300; Nutritional Biochemicals, Inc.) 
in 0.8 percent NaCl, 0.04 percent KCI, and 0.02 percent NazHPO,. The 
flask was allowed to stand for about 1 minute and then shaken. This 
treatment is sufficient to detach all the cells. (A longer digestion time is 
necessary in media containing serum.) The cell suspension was trans- 
ferred as completely as possible to a small siliconed shell vial and from 
there it was taken up quantitatively in the hematocrit, which was also 
siliconed. The hematocrit was closed with a spring clip (27) and centri- 
fuged at 2800 r.p.m. for 30 minutes in an International centrifuge, size 1, 
Model SBV, with an 8-place head (#225) and metal shields (#303), using 
a %-inch Gooch tubing rubber liner for each shield. The length of the 
column of packed cells was read on the graduated stem. 
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Evaluation of Results 


To assess the reproducibility of the results, readings were made on 2 
series each of 16 replicate cultures. In the first series, 8 readings at 4 
days gave 4.33+0.21 and 8 readings at 7 days gave 6.321+1.25. In the 
second series, with a smaller initial inoculum, 8 readings at 4 days gave 
3.53+0.31 and 8 readings at 7 days gave 5.61+0.62. 

The quantity measured here (packed-cell volume) does not, of course, 
measure “growth” in terms of the same variables as measurement of 
cell or nuclear number. Text-figure 1 shows a typical response of a 
series of replicate cultures in ML 192/2 in terms of cell volume over a 
period of 10 days with nutrient renewal at 3 and 7 days. A comparison 
of hematocrit readings with hemocytometer counts (3) was made in 
several series of cultures. Text-figure 2 shows such a comparison. 
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DAYS 


TEXT-FIGURE 1.—Packed-cell volume of replicate cultures in medium ML 192/2. 
Daily duplicate hematocrit readings. Nutrient medium renewed at 3 and 7 days (R). 


In general, the agreement between the 2 methods is very satisfactory 
over the period 0 to 9 days, z.e., for readings up to 7.5 or counts up to 
3.0 X 10° cells. Variation between replicates increases as the cell popu- 
lation approaches the maximum that 1 ml. of nutrient will support. 
There appears to be a tendency, as the cells become crowded after active 
proliferation, for the average cell size to decrease (figs. 1 and 2 and 
text-fig. 1). For the study of growth rates in rapidly growing cultures, 
however, this variability is unimportant, because an experimental period 
of 7 days, during which at least tenfold increases in cell population may 
take place, is usually sufficient. 

In the particular culture system for which this method was worked 
out, namely, strain L cells in medium ML 192/2, growth is rapid, and 
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TEXT-FIGURE 2.—Comparison between hematocrit readings and cell counts in repli- 
cate cultures in medium ML 192/2. Nutrient medium renewed at 4 and 7 days (R). 
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TEXT-FIGURE 3.—Comparison of growth of strain L cells in 2 serum-free nutrient 
media, ML 192/2 and ML 319/1. Media renewed at 3 and 7 days (R). 


measurements cannot be made beyond 10 days. The upper limit of cell 
population which can be measured happens, fortuitously, to be, for these 
cells and probably for others, close to the maximum that a Carrel D-3.5 
flask will support in 1 ml. of nutrient. The maximum population might 
be reached at a different time with other cells or with another nutrient. 
An example of the use of the method is shown in text-figure 3. This 
represents a comparison of medium ML 192/2 with ML 319/1, the latter 
differing from ML 192/2 in the substitution of certain anions (Cl’ for 
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SO,’’ and NO,’). There is a small but probably significant difference 
between these 2 media. 

The growth response of replicate cultures over a period of 5 days 
with (a) no renewal of the nutrient and (6) daily replenishment with 
fresh ML 192/2 is shown in text-figure 4. Daily renewal of nutrient 
clearly results in continuation of growth after the cultures without 
renewal of medium have reached a stationary state. 
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TEXT-FIGURE 4.—Comparison of the growth of strain L cells in ML 192/2 with (a) no 
renewal of nutrient and (b) daily renewal. 


Conclusion 


The growth of replicate tissue cultures of strain L cells in serum-free 
nutrient solutions can be evaluated simply and rapidly by serial measure- 
ments of the total volume of cells from 1 Carrel flask, using a Van Allen 
microhematocrit. 
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PLATE 19 


Cultures of strain L cells in ML 192/2 showing 
decrease in cell size. X< 200 


Figure 1.—After 4 days. 


FicurE 2.—After 6 days. 
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A Serum-Free Nutrient Solution Sus- 
taining Rapid and Continuous Prolifer- 
ation of Strain L (Earle) Mouse Cells *? 


Cuarity Waymouts.’ Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 


Strain L mouse cells (1-3) proliferate rapidly in the usual biological 
media, e.g., chick-embryo extract, horse serum, and balanced salt solu- 
tion in the proportion of 20:40:40. Similar rates of multiplication have 
been achieved in various derivative nutrients, containing (in place of 
whole embryo extract or horse serum) dialysates, ultrafiltrates, or high- 
molecular residues from these components (4-11). Fivefold to sixfold 
increases (12) or ninefold to tenfold increases (13) in cell number over 
a 7-day period have been reported for cultures of this strain in nutrients 
which are elaborate but fully synthetic. 

Recently (14) some simple synthetic nutrient solutions were described, 
in one of which (solution C) strain L cells could be maintained in a state 
of survival without appreciable proliferative activity. When supple- 
mented with serum, these solutions support rapid proliferation. Stock 
cultures have been maintained in this laboratory for more than a year in 
media similar to solution C, supplemented with 5 or 10 percent of rabbit 
serum, but containing no embryo extract. From these stocks, exper- 
imental cultures have been made to study the possibility of dispensing 
with the serum as well as the embryo extract. 

The immediate objective of the present study was to define conditions 
within which proliferation could take place in a serum-free solution. 
The nutrient described below is one which fulfills this objective. The 
ultimate aim is to devise simple and chemically reproducible nutrient 
solutions capable of permitting cell proliferation. 


Materials and Methods 


The method of maintaining stock cultures of strain L, clone 929, cells 
is described in the accompanying paper (1/5). The media in which the 
stock cultures were grown consisted of a synthetic nutrient ML 6, supple- 
mented with 5 or 10 percent of rabbit serum. ML 6 differs from solution 

! Received for publication April 27, 1956. 
2 Supported by a grant to Dr. P. R. White (CP-59) from the American Cancer Society, made upon recommen- 


dation of the Committee on Growth of the National Research Council. 
3 With the technical assistance of Mrs. M. A. Dunbar. 
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C (14) in containing half the concentration of dextrose, a quarter of the 
concentration of glycine, and a slightly different salt mixture. The 
composition of the resulting serum-containing media ML 97 and ML 
94/4 is shown in table 1. A 6-day-old stock culture, from a line main- 
tained 435 days in medium ML 97, is shown in figure 1. 


TABLE 1.—Serum-containing media ML 97 and ML 94/4 





| Composition 












































Stock . mg./ Nutrient of ML 97 
solution | Materials 100 ml. (ml./100 ml.) | and ML 94/4 
\(mg./100 ml.) 
H,O H,0 ML 97....57.0 
ML 94/4. .52.0 
8/81 NaCl 6, 000 | 600 
KCl 150 10. 0 15 
Ca(NO;)2-4H,O 200 20 
MgS0O,-7H,0 200 20 
§/S2 Na,;HPO, 750 30 
KH,PO, 200 4.0 | 8 
8/83 NaHCO; 5, 600 4.0 | 224 
8/84 Dextrose 10, 000 2.5 250 
8/85 L-cystine 15 1.5 
L-tyrosine 40 40 
Glycine 50 5.0 
L-lysine HCl 160 16. 0 
Lt-methionine 50 5.0 
L-threonine 75 7. 5 
DL-valine 125 12. 5 
L-arginine HCl 75 10. 0 7. 5 
t-histidine HCl 75 7.5 
L-proline 50 5. 0 
DL-isoleucine 50 5.0 
6-phenyl-L-alanine 50 5. 0 
L-leucine 50 5.0 
L-glutamic acid 150 15.0 
L-aspartic acid 6. 0 
L-tryptophan 40 40 
Phenol red, 0. 5 ml. of 
1.0% solution 
8/S6 Thiamin HCl 20 =| 0.5 
Calcium pantothenate 2 0. 05 
Riboflavine 2 2. 5 0. 05 
Pyridoxine HCl 2 0. 05 
Folic acid 0.4 0. 01 
Biotin 0. 4 0. 01 
8/87 Hypoxanthine 50 5.0 2.5 
Glutamine 100 5.0 
Rabbit serum | | ML 97.... 5.0 | 5% 
| ML 94/4. .10.0 | 10% 
| 





The experimental nutrient, designated ML 192/2, consisted of the 
components of ML 6, supplemented with the following: 


1. Armour’s bovine albumin, fraction V 
2. Difco Bacto-Peptone 
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3. Ascorbic acid 


Cysteine 
Glutathione 


317 


These supplements replaced the serum of media ML 97 and ML 94/4. 
The composition of ML 192/2 is shown in table 2. 


TABLE 2.—Serum-free medium ML 192/2 






































Stock Materials mg./100 | Nutrient | Com — 
solution ml, (ml./100 ml.) (mg./100 ml.) 

H,0 H,0 32. 0 

§/S1 NaCl 6, 000 600 
KCl 150 10. 0 15 
Ca(NO;)2-4H,O 200 20 
MgS0O,-7H,0 200 20 

$/S2 Na,HPO, 750 4.0 30 
KH,PO, 200 8 

8/83 NaHCO; 5, 600 4.0 224 

$/S4 Dextrose 10, 000 5.0 500 

8/S5 L-cystine 15 0. 75 
L-tyrosine 40 2.0 
Glycine 50 2.5 
L-lysine HCl 160 8.0 
t-methionine 50 2. 5 
t-threonine 75 3. 75 
DL-valine 125 6. 25 
L-arginine HCl 75 5. 0 3. 75 
t-histidine HCl 75 3. 75 
L-proline 50 2. 5 
DL-isoleucine 50 2. 5 
8-phenyl-t-alanine 50 2.5 
t-leucine 50 2. 5 
t-glutamic acid 150 7. 5 
L-aspartic acid 60 3. 0 
L-tryptophan 40 2.0 
Phenol red, 0.5 ml. of 1% 

solution 

$/S6 Thiamin HCl 20 0. 5 
Calcium pantothenate 2 0. 05 
Riboflavine 2 2.5 0. 05 
Pyridoxine HCl 2 0. 05 
Folic acid 0. 4 0. 01 
Biotin 0. 4 0. 01 

8/87 Hypoxanthine 50 5.0 2. 5 
Glutamine 100 5.0 

8/S8 Ascorbic acid 70 1. 75 
Cysteine 300 2.5 7. 78 
Glutathione 60 1. 50 

S/S9 Armour’s bovine albumin, frac- | 1,000 5.0 50. 0 

tion V 
8/810 Difco Bacto-Peptone 2, 000 25. 0 500. 0 
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The effectiveness of the nutrient ML 192/2 for increasing the cell 
population was assessed by the hematocrit method (15). These quanti- 
tative measurements were made at intervals beginning, usually, after 
cultures had been maintained for at least 4 weeks in ML 192/2. 


Results 


Cultures which had been in the test medium ML 192/2 for 28 days 
grew, over a period of 7 days, as shown in text-figure 1. With the rela- 
tively small inoculum used (hematocrit reading, H=0.55), there was a 
fivefold increase in cell population in 3 days, and by 7 days the increase 
was more than twelvefold. In another experiment (text-fig. 2), also using 
cells which had been 28 days in the test medium, a larger inoculum 
(H=1.85) was taken. Here the increase in 8 days was only about 4.5- 
fold, though the cell population was still increasing rapidly between 
the 8th and 9th days. The growth rate depends somewhat on the 
inoculum size, and there is a maximum population that can be supported 
in a Carrel D-3.5 flask with 1 ml. of nutrient. H=10 is close to this 
maximum. 

The effects on the growth of the cells of omitting (a) the protein, 
(b) the peptone, and (c) the ascorbic acid-cysteine-glutathione mixture 
are shown in text-figure 3. It is evident that, whereas omission of the 
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TeExtT-FicuRE 1.—Growth of strain L cells in ML 192/2 over a period of 7 days, 
Small inoculum (H=0.55). Nutrient renewed at 2 and 4 days (2). 
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TEXT-FIGURE 2.—Growth of strain L cells in ML 192/2 over a period of 9 days. 
Large inoculum (H=1.8). Nutrient renewed at 3 and 7 days (R). 


protein or of the reducing mixture only slightly decreases the growth, 
omission of peptone results in no proliferation. 

To eliminate the possibility that the rapid growth of cultures removed 
for only a few weeks from a serum-containing nutrient might be due to 
some residual effect of the serum, cultures were also subjected to growth 
measurements after being maintained for several months in ML 192/2. 
A comparison of the growth of cultures which had been maintained for 
14, 38, and 126 days, respectively, in ML 192/2 is shown in text-figure 4. 
After 18 weeks, it is clear that the cells were still proliferating at a similar, 
or even slightly higher, rate. There is no evidence of change in mor- 
phology or loss of vigor (fig. 2). 


Discussion 


In the work described here, strain L mouse cells have been grown 
continuously for several months in a relatively simple nutrient solution 
containing, besides salts, sugars, amino acids, and water-soluble vitamins, 
0.5 percent of Difco Bacto-Peptone and 0.05 percent of Armour’s bovine 
albumin, fraction V. While neither the peptone nor the protein is a 
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Text-Fricure 3.—Comparison of growth of strain L cells in: (a) complete medium 
ML 192/2, (6) without protein, (c) without peptone, and (d) without mixture of 
ascorbic acid-cysteine-glutathione (ACG). Nutrient renewed at 4 days (R). 


chemically defined component, each of these fractions contains pre- 
dominantly high-molecular peptides or albumins, respectively, and only 
traces of other substances. These fractions are thus, although still 
complex, of a different order of complexity from serum or embryo extract, 
which each contain a wide range of biochemical components in physiologic 
concentrations. In the medium ML 192/2, no serum, embryo extract, or 
other materials of similar biological complexity were present. Both an 
amino acid mixture (used at about 8.6 mg. NH.-N/100 ml.) and the 
peptone (at 75 mg. NH,-N/100 ml.) were required to sustain rapid 
proliferation. 

Some of the earliest reports on cell nutrition attest the value of peptones 
for promoting proliferation (16-23). Several of the first “artificial” 
media (23-25) contained peptones, usually Witte’s peptone (a product of 
incomplete peptic digestion of fibrin). Willmer and Kendal (26) isolated 
a heteroproteose from Witte’s peptone which, at 80 mg. N per 100 ml. 
and in the presence of plasma, was found to stimulate mitosis in cultures 
of chick-heart fibroblasts. Wilson, Jackson, and Brues (27) used a 
serum-free modification of Baker’s (24) solution, and compared the 
growth of chick-embryo muscle in the presence of unmodified Witte’s 
peptone (65 mg. NH2-N/100 ml.) with that in a similar mixture containing 
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the peptone after complete hydrolysis to amino acids (equivalent to about 
400 mg./100 ml.). Growth (proliferation) occurred in both media, though 
with marked morphologic differences between the cells in the two solutions. 
Unfortunately, Wilson et al. did not test the effect of a combination of 
unhydrolyzed peptone and amino acids. Hanks (28) found a rapid 
increase in cell population in cultures from chick-embryo muscle on 
adding Witte’s peptone at 100 mg. per 100 ml. to a serum ultrafiltrate 
medium. 

Our experience indicates that a peptone, in the presence of a mixture of 
amino acids and an otherwise synthetic nutrient solution, supplies an 
essential threshold factor for the growth of the strain L cells. The 
nature of the functional components in the peptone is under investigation. 
In spite of the suggestion made as far back as 1949 (29) that ‘““We have to 
seek for the components possessing maximal activity in respect of the 
induction of cell proliferation between some special definite limits of 
molecular weight, namely, the upper limit of trichloroacetic acid pre- 
cipitability and the lower limit of non-dialyzability, . . .” no specific frac- 
tions have been isolated from peptones, to which nutritional or growth- 
stimulating activities could be attributed, except the heteroproteose of 
Willmer and Kendal (26). Ehrensvaird (30) draws attention to the 
possibilities that ‘‘an inhibitory effect, caused by a temporary dominance 
of one amino acid, may be relieved by peptides; in other cases a con- 
tinual destruction of an amino acid (by oxidative deamination, for 
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TEXtT-FIGURE 4.—Comparison of growth of strain L cells in ML 192/2, maintained for 
(a) 14 days, (b) 38 days, and (c) 126 days before growth measurement. Nutrient 
renewed at 3 and 7 days (a and c) and at 4 and 7 days (6). 
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example) may be by-passed by the local administration of the same amino 
acid in peptide combination.” It is by no means excluded that peptides 
themselves are assimilated by the cells. Winnick (31,32) has indicated 
the possibility that not only peptides but also even whole protein 
molecules may be utilized by cells in tissue culture. 

In addition to 60 mg. per 100 ml. amino acids, the solution ML 192/2 
contains 5.0 mg. per 100 ml. glutamine and 7.5 mg. per 100 ml. cysteine. 
Higher concentrations of amino acids cannot substitute for the peptone, 
nor can glutathione, which is included at 1.5 mg. per 100 ml. Dipeptides 
have not been tried (cf. 33). The quantities of amino acids used may be 
compared with the figures of 5 mg. per 100 ml. plus 7.3 mg. per 100 ml. 
glutamine, found by Eagle (9,34) to be optimum for this strain of cells 
in somewhat different conditions (e.g., in the presence of dialyzed horse 
serum). Evans et al. (35,36) used about 42.2 mg. per 100 ml. amino 
acids in their media NCTC 107 and 108, that is about 75 percent of the 
amount in ML 192/2. Most of the other nutrients in common use, 
e.g., Morgan, Morton, and Parker’s 199 (87), Parker’s 703 (12) and 
858 (13), Morgan’s M 150 (38), White’s Wy (39), and Trowell’s TACPI 
(40), use concentrations 50 to 100 percent higher (92 to 136 mg./100 ml.) 
than in ML 192/2. It is of interest that Trowell, whose medium TACPI 
for rat lymphocytes contains 107 mg. per 100 ml. amino acids, found 
no favorable effect on survival from the addition of peptones or protein. 
But proliferation was not, in this case, the objective. It appears that 
media containing amino acids are sufficient for survival, but that the 
addition of other components present in the peptone can convert a 
nutrient suitable for maintenance of strain L cells into one which promotes 
their proliferation. 

A protein fraction, Armour’s bovine albumin, fraction V, has been 
included in ML 192/2. When peptone is present, proliferation at a rate 
only slightly less can occur in the absence of the protein; but the albumin 
fraction in the absence of peptone has no significant effect on proliferation. 
The action of the protein, like that of the peptone, is not fully understood. 
Either of these components may, for example, contain growth factors 
other than the protein or peptides themselves. Either or both may act 
in a buffering capacity or as a carrier or absorbent of some nutritionally 
important components. The probable unspecific nature of the protein’s 
function is suggested by the finding of Sanford et al. (6) that all the protein 
fractions of horse serum tested were equally effective as supplements to 
their protein-free media for strain L cells. These authors, however, found 
bovine fractions ineffective in their experiments. This is, however, to be 
expected in a multivariable system; with one set of variables, one supple- 
ment may provide a missing factor, and with another set of variables, 
other completing factors may be required. 

The mixture of reducing substances (ascorbic acid, cysteine, and gluta- 
thione) has appeared in most of the synthetic and semisynthetic media 
based on those of Vogelaar (23) and Baker (24). They are also found 
in the media 199 of Morgan, Morton, and Parker (37), 703 and 858 of 
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Parker (12,13), and NCTC 107 of Evans et al. (85). These substances 
were omitted from the synthetic maintenance media described earlier (14), 
chiefly because it was desired to avoid unstable components, and also 
because their effect upon prolonged survival was negligible. It was found, 
however, that inclusion of this mixture significantly improved the growth 
of strain L cells in media of the type described here (text-fig. 3). It is 
not the purpose of this paper to cite in detail the many experiments that 
led up to the final composition of medium ML 192/2, which include those 
upon which the retention of this group of substances is based. These 
will be reported elsewhere. 

The medium ML 192/2, though it has been devised as a step toward 
a fully defined medium, and has so far only been used with strain L cells, 
may be found useful for investigations requiring cell proliferation in a 
serum-free environment. Experiments now in progress indicate that 
simple protein-free media able to support similar rates of growth will 
shortly become available. 


Summary 


A nutrient solution is described, containing protein and a peptone but 
otherwise chemically defined. In this serum-free solution, rapid prolifera- 
tion of strain L mouse cells is achieved, and can be maintained undimin- 
ished for several months. 
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PLATE 20 


FicureE 1.—Six-day-old stock culture of strain L cells grown for 435 days in ML 97. 
X 240 


Ficure 2.—Six-day-old stock culture of strain L cells grown for 126 days in ML 
192/2. X 240 
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Pathologic Desquamation of Oral 
Epithelium Examined by Electron 
Microscopy and Histochemistry '? 


Remar F. SocnnaEs, D.M.D., Ph.D., Daviw WEts- 
BERGER, D.M.D., M.D., and Joun T. ALBRIGHT, 
D.D.S., Harvard School of Dental Medicine, Boston, 
Massachusetts 


This study is centered around a case report on desquamative stomatitis. 
Biopsy specimens have been examined by certain methods which have not 
been previously applied to a similar problem. We believe, therefore, that 
the observations may have some general and fundamental interest, 
especially with respect to the cornification and desquamation processes. 


Case History and Physical Findings 


The case in question is that of a 71-year-old female who first reported 
to our clinic 13 years ago at the age of 58. Her chief oral complaint at 
that time was persistent redness and bleeding of the oral mucosa; her 
chief general complaint was hot flashes. The principal physical findings 
were reddened areas on the mucosa of the palate adjacent to the maxillary 
left and right molar regions, diffuse gingivitis involving the mandibular 
anterior teeth, and similar inflammatory involvement of the buccal mucosa 
of the left cheek. The history and clinical findings were compatible with 
a diagnosis of desquamative stomatitis. 

In view of a possible relationship between this condition and post- 
menopausal hormonal status, an attempt was first made to improve the 
oral condition by administration of stilbestrol. During 8 months’ treat- 
ment with this hormone, the hot flashes were controlled, but the oral 
mucous-membrane lesions persisted. In the hope of controlling the 
tendency to infection accompanying the inflamed lesions, sulfanilamide was 
administered, but again with no obvious effect on the reddened areas. 

By this time the involvement adjacent to the mandibular anterior teeth 
and the maxillary molars was so extensive that a surgical approach was 
decided upon. Following an exploratory gingivectomy on the left side of 
the lower anterior region and extraction of the upper left molars, primary 
healing did take place. However, this initially encouraging result was 


1 Received for publication May 4, 1956. 

2 This investigation was supported in part by a grant (C-2083) from the National Cancer Institute of the Na- 
tional Institutes of Health, U. 8. Public Health Service, and in part by the Eugene Higgins’ trust, Harvard 
University. 
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shortly followed by recurrence of the raw and red inflamed soft-tissue 
lesions in the same regions. During the late 1940’s the new antibiotics, 
penicillin and aureomycin, were administered with a view to controlling 
the infection, but again with negative results. 

The nutritional status of the patient appeared satisfactory. Thera- 
peutic supplements of specific vitamins—nicotinic acid, thiamin, ribo- 
flavine, vitamin A, yeast tablets, and crude liver extracts—failed to im- 
prove the condition. In 1955, treatment with cortisone was tried: first, 
topical application of cortisone ointment to the mucosa 3 times a day, with 
no effect; second, oral administration of cortisone, 50 mg. a day for 2 
months, with no effect; and third, oral administration of metacorten, 5 
mg. a day for 3 months, again with no effect. 

We have examined the nature of the lesions—which have persisted for a 
decade—by a variety of laboratory methods: smears from the mucous 
membrane stained by the Papanicolaou method (1); biopsies examined by 
various histologic and histochemical techniques referred to below;* and 
finally, thin sections of osmium-fixed, butyl methacrylate-embedded 
specimens studied by electron microscopy, using the RCA EMU-3 in- 
strument at 50 and 100 KV, and principally intermediary magnifications. 


Histologic and Histochemical Observations 


It became evident both from the oral smears and the histologic sections 
that this patient had a tendency to desquamate squamous epithelial cells 
which had failed to reach a normal stage of maturity. Neither the 
smears (fig. 1) nor the sections (fig. 2) exhibited the typical large, periph- 
eral, pyknotic cells with pale fibrous cytoplasm normally encountered in 
mature squamous cells of the oral mucosa. 

By histochemical means we have examined the relative distribution of 
protein-bound sulfhydryl groups and disulfide bonds, using the methods of 
Barrnett and Seligman (2) Tissues so examined revealed the presence of 
sulfhydryl groups throughout the epithelial layer, with a considerable and 
unexplained concentration of this reaction in the superficial cells (fig. 3). 
However, the disulfide-bond reaction was essentially negative throughout 
the epithelium, since tests for this component coupled with the sulfhydryl 
reaction gave little or no additional activity (fig. 4). Glycogen was not 
materially reduced in the stratum spinosum beyond normal control mate- 
rial. Basophilic reactions were quite marked in the nuclei, and the 
cytoplasm was also stained quite deeply. Alkaline-phosphatase reaction 
was principally concentrated along the walls of the blood vessels in the 
underlying connective tissues. With the toluidine-blue method, following 
basic lead-acetate fixation, the amorphous ground substance was poorly 
stained, but there was nevertheless an abundance of mast cells as revealed 
by the intense metachromasia of their cytoplasmic granules. 


* The various fixatives and other chemical reagents used in the histochemical tests have been described in detail 
in previous work (Wislocki, G. B., and Sognnaes, R. F.: Am. J. Anat. 87: 239-276, 1950; and Sognnaes, R. F., 
and Lustig, L.: J. Dent. Res. 34: 132-143, 1955) dealing with the normal tissues of the mouth. 
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Electron-Microscopic Findings 


Our observations with the electron microscope have so far been con- 
centrated on the epithelial tissue. In a related electron-microscopic study 
we have noted that the normal keratinization process is accompanied by 
distinct nuclear and nucleolar changes which appear to be related to the 
formation of keratohyalin granules and keratogenesis (3). 

In the tissues from desquamative stomatitis, on the other hand, the 
nuclei appeared to remain round and dense. The principal alterations 
seemed to occur in the peripheral cytoplasm and the intercellular regions 
of the epithelial cells. Even the cells adjacent to the basement membrane 
showed what appeared to be disintegration of the intercellular “bridge” 
material and destruction of the attachment between the peripheral 
cytoplasm and the cell membranes (figs. 5 and 6). Extravascular blood 
cells could be found penetrating between the poorly attached epithelial 
cells (fig. 7). 

Progressing toward the external surface layer of the epithelium, there 
was a surprisingly good preservation of large, round nuclei which appeared 
to be in normal relationship to the adjacent cytoplasm, within which there 
was also noted an abundance of mitochondria but an absence of kerato- 
hyalin granules (fig. 8). 

In the external cell layers the peripheral cytoplasm and the cell mem- 
branes appeared to become increasingly disoriented and separated. Near 
the oral surface one could find detached cells, presumably corresponding to 
those seen in the oral smears (fig. 1), which, from the point of view of 
size, shape, and appearance of the nuclei, were essentially of a basal-cell 
nature (figs. 8 and 9). Furthermore, the foldings and interdigitations 
previously described in the region between the normal epithelial-cell sur- 
faces of the mucous membranes were not present (3). There was little 
evidence of fibrillar elements in the perinuclear cytoplasm. Keratohyalin 
granules were absent, whereas mitochondrial bodies were present in the 
cytoplasm even in the superficial desquamating cells (fig. 9). 


Discussion 


Aside from a preliminary report of our own (3), we are not aware of any 
previous electron-microscopic observations on the squamous epithelium 
in either normal or pathologic mucous membrane of the mouth. Pre- 
vious histochemical observations in desquamative gingivitis have been 
directed principally toward the nature of the underlying connective 
tissue (4). 

Our histologic, histochemical, and electron-microscopic observations 
suggest that one of the important changes in desquamative stomatitis is 
the failure to produce keratin fibrils within the cytoplasm of the squa- 
mous epithelial cells. We have noted that the precursors for keratin for- 
mation were present. The sulfhydryl-bound protein appeared to be 
normal. The nuclear and nucleolar core of the epithelial cells appeared 
morphologically intact. Even in the superficial desquamating cells mito- 
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chondria were abundant. It would seem, therefore, that one of the im- 
portant mechanisms of this disease is the involvement of the epithelium 
indicated by: failure to develop keratohyalin granules, deficient forma- 
tion of disulfide bonds, lack of elaboration of fibrous protein in the pe- 
ripheral cytoplasm, sparsity of intercellular amorphous substance, and 
absence of interdigitation of the cell membranes of the superficial 
squamous cells. 

The fact that this case has been extremely resistant to hormonal, 
nutritional, antibiotic, and surgical treatment suggests that either a 
combination of these factors or some other specific factor, presumably 
related to the keratinization process, is involved in the disease process. 

From a structural point of view, there is still considerable confusion 
regarding the elaboration of the intracellular keratin fibrils in squamous 
epithelial cells. The possible involvement of the keratohyalin granules 
in this process has received considerable attention ever since Waldeyer 
(5) described these granules and attributed their presence to degeneration 
of the epithelial cells. Although the subject is still debatable, in recent 
literature quite categorical statements have appeared about the origin 
and composition of the keratohyalin granules. Because of their intense 
basophilia, they have been thought to originate from chromatin material 
and to contain deoxyribonucleoprotein (6). 

Our preliminary observations with the electron microscope suggest the 
possibility that the nucleoli of the squamous epithelial cells may contri- 
bute to the formation of these granules (3). In this connection it is in- 
teresting to note that Caspersson (7), using the ultraviolet absorption 
method, found a great accumulation of cytoplasmic ribonucleotides 
during the keratinization process. Similarly, Leuchtenberger and Lund 
(8) compared the amount of deoxyribonucleic acid by means of the 
Feulgen reaction in the malpighian layer and the stratum granulosum of 
epidermal cells without finding any significant difference. Taken together, 
these two studies would seem to suggest that during the time of keratin- 
ization when the keratohyalin granules are abundant, there is a concen- 
tration of ribonucleoprotein rather than deoxyribonucleoprotein in the 
cytoplasm. The suggestion has been made, therefore, that the kerato- 
hyalin granules might arise from the cytoplasm rather than the nucleo- 
plasm (8). At the time of this writing, a report by Sheldon and Zetter- 
quist (9)—based on the basis of electron-microscopic examination of the 
cornea of vitamin A-deficient mice—has implicated the mitochondria in 
keratohyalin formation. 

Our electron-microscopic findings do not rule out that both the cyto- 
plasm and the nucleoplasm may contribute to the elaboration and 
chemistry of these granules. But we have been particularly impressed 
by the changes in the nucleoli (3). At the stage of keratinization the 
nucleoli appear to produce satellites which migrate to the nuclear mem- 
brane, where electron-dense material concentrates and appears to be ex- 
pelled into the adjacent cytoplasm. It is noteworthy that this nucleolar 
contribution to the granules still would be consistent with a high ribo- 
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nucleotide content of keratohyalin formed in this manner. This concept 
of nucleolar contribution to keratohyalin and keratin formation seems 
at the moment more compatible with our electron-microscopic findings 
than the traditional one claiming origin from chromatin material of the 
nucleoplasm (6). We are currently exploring this concept in greater 
detail. 

Regardless of origin, it seems evident both from our histochemical and 
electron-microscopic findings that the keratinization process is one 
involving high metabolic activity, a result of growth rather than death 
of the tissue. Conversely, we have noted in conditions resulting in the 
piling up of keratin, namely in leukoplakia, that there appears to be a 
slowing down of tissue metabolism. In leukoplakia the sulfhydryl-group 
reactions appear to be reduced and the cells fail to shed, in contrast to 
desquamative stomatitis where the formation of the sulfhydryl precursors 
is high, the disulfide-bond reaction is low, and the cells are prematurely 
shed. In the latter situation we failed to improve the condition by hor- 
mone administration. In leukoplakia, on the other hand, Nathanson 
and Weisberger (10) have reported improvement following treatment 
with estrogenic hormone—possibly by reactivating formation of the 
precursors required for normal keratinization and desquamation. We 
are currently exploring further the ultrastructure and histochemical 
changes accompanying leukoplakia and other precancerous lesions of the 
oral mucosa. 


Summary 


Oral smears and histologic, histochemical, and electron-microscopic 
sections of specimens from the oral mucosa of a 71-year-old woman who 
suffered from desquamative stomatitis have been examined and have 
proved to be extremely resistant to hormonal, nutritional, antibiotic, and 
surgical treatment over a period of more than 10 years. 

From a microscopic point of view, the principal characteristic of the 
case was the persistence of immature epithelial cells of a basal-cell nature 
throughout the thickness of the epithelium. Such cells were apparent 
in the smears and in the histologic, histochemical, and electron-micro- 
scopic specimens. Histochemical reactions for sulfhydryl groups were 
quite pronounced, but there was an absence of disulfide-bond reactions in 
the peripheral epithelial cells. Throughout the epithelial layers the cell 
nuclei and nucleoli remained uniformly round and dense. Similarly, 
there was an abundance of mitochondrial bodies in the cytoplasm of the 
epithelial-cell layers, even in the peripheral ones. 

However, there appeared to be a breakdown of the peripheral cyto- 
plasm and a separation between the cell membranes and the cell proper, 
as well as between individual cells. Extravascular blood cells from the 
underlying connective tissue could be found invading these regions. 

Near the oral surface the epithelial cells appeared to come apart readily 
as a result of a disintegration of the bond between the cell membranes; 
concurrently a separation of the cell membrane from the peripheral 
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cytoplasm was observed. The deep interdigitations between the cell 
surfaces seen in normal oral epithelium were not present. Keratohyalin 
granules and intracellular fibrils were sparse or absent, whereas the 
nuclear, nucleolar, and mitochondrial structures were retained relatively 
unchanged even in the peripheral cell layers. 
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Puats 21 


Ficure 1.—Smear prepared from scraping of oral mucosa of patient suffering from 
desquamative stomatitis. Note the cluster of desquamated basal cells with large 
nuclei and dense basophilic cytoplasm. Papanicolaou’s stain. XX 40 


FicurE 2.—Biopsy from oral mucosa showing desquamative stomatitis. Oblique 
section through squamous epithelium. Note basal-cell nature of the superficial 
desquamating cells. Hematoxylin and eosin. X 175 


FicurE 3.—Section comparable to that in figure 2 stained for sulfhydryl-bound protein 
and reacting strongly in superficial cells. X 175 


Figure 4.—Same as figure 3, stained for both sulfhydryl groups and disulfide bonds 
suggesting, by comparison, relatively little conversion to disulfide bonds. X 175 
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PLATE 22 


Ficture 5.—Basement membrane and basal cells of oral mucosa affected by desquama- 
tive stomatitis. Note the dense, round epithelial nuclei and the relative abundance 
of mitochondria, whereas the peripheral eytoplasm and intercellular relationships 
are markedly distorted. 13,000 
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PLATE 23 


Figure 6.—Premature separation of squamous cells. Note the dense nucleus (left), 
uniform nucleoplasm and nuclear membrane, and abundance of mitochondria, but 
distortion of relationship between peripheral eytoplasm and intercellular ‘‘bridge”’ 
material, 35,000 


Ficure 7.—Portion of extravascular blood cell (eosinophil) penetrating between inade- 


quately connected basal cells of oral epithelium. Note the electron-dense round 


nucleoli and nuclei and abundance of mitochondria compared to the deficient inter- 
cellular relationship. 12,000 
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PLATE 24 


Figure 8.--Abnormal separation of surface epithelial cells. Note retention of nuclei 
of basal-cell character and separation of cell membranes from peripheral cytoplasm 
and from each other. X 10,000 


Figure 9.—-Peripheral squamous cell of oral epithelium in desquamative stomatitis. 
Note the basal-cell characteristics of the nucleus and nucleolus, and absence of 
keratohyalin granules. XX 19,000 


Figure 10.—Completely isolated squamous cell, prematurely shed, comparable to cell 
within the smear shown in figure 1. > 11,000 
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Urinary Metabolites of the Carcinogen 
N-2-Fluorenylacetamide * * * 


Joun H. WeEtsBurGER, ELIzABETH K. WEISBURGER, 
and Harotp P. Morris,‘ Laboratory of Biochemistry, 
National Cancer Institute,’ Bethesda, Maryland 


Introduction 


The studies on chemical carcinogenesis carried out in this laboratory 
were first devoted to developing sensitive methods (1,2) suited to the 
estimation of the compounds formed in the rat after ingestion of carcino- 
genic levels of N-2-fluorenylacetamide. It seemed important to investi- 
gate the metabolism of this compound in order to gain an understanding 
of the mechanism of its carcinogenic action. The initial experiments 
showed that N-2-fluorenylacetamide was converted rapidly to then 
unidentified substances (3,4) and that the distribution and excretion of 
N-2-fluorenylacetamide or its diazotizable metabolites was influenced by 
intake (4). These early studies proved quite inadequate to account for 
the many metabolic products of N-2-fluorenylacetamide produced by the 
rat and the use of isotopically labeled compounds proved necessary. 

Following the administration of labeled N-2-fluorenylacetamide about 
two thirds of a single dose was excreted in the urine and the other third 
eliminated in the feces (5-7). Partition experiments revealed that a 
sizable amount of the chemical was metabolized into more polar, water- 
soluble products. Paper-chromatographic experiments confirmed these 
observations and indicated the existence of 12 or more urinary metab- 
olites (8). Furthermore, radioactivity was bound to proteins of various 
rat tissues, especially the liver (9,10). After hydrolysis of the protein 
the distribution of radioactivity between phases of immiscible solvents 
was similar to that found in the urine. Therefore, investigation of the 
urinary metabolites was carried out first because such metabolites were 
more accessible and comprised a larger portion of a given dose of N-2- 


1 Received for publication May 21, 1956. 

2 Presented in part at the meetings of the American Society of Biological Chemists, Chicago, 1953 (Fed. Proc. 
12: 287, 1953), the American Association for Cancer Research, Atlantic City, 1954 (Proc. Am. Assoc. Cancer Res. 
1: 51, 1954), and the American Chemical Society, Cincinnati, Spring 1955 (Abstracts of papers, page 7C). 

3 The nomenclature of Chemical Abstracts for this compound will be used henceforth instead of the former desig- 
nation, 2-acetylaminofluorene. 

4 We wish to acknowledge the competent technical assistance rendered by Mrs. Anna R. Parker during these 
investigations. 

5 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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fluorenylacetamide. The experience and knowledge thus acquired might 
' facilitate determination of the structure of the protein-bound compounds 
in the tissues at a later time. 

One approach to the elucidation of the various metabolites formed in 
the rat following the ingestion of N-2-fluorenylacetamide has been based 
mainly on the application of the carrier-isotope dilution techaique (11). 
The carrier-isotope procedure involves the addition of a known non- 
radioactive compound (the carrier) to a solution of the radioactive 
unknown. Any compound in the solution chemically identical with the 
carrier will be inseparable when the latter is subsequently recovered and 
exhaustively purified. 

This report presents the results obtained by the application of the 
aforementioned procedure to the determination of a number of urinary 
metabolites following a single dose of N-2-fluoren-9-C'*-ylacetamide in 
the rat. 

Some possible urinary metabolites of N-2-fluorenylacetamide—The 
chromatographic separation of at least 12 compounds from the urine of 
rats fed N-2-fluorenylacetamide necessitates a consideration of the 
possible metabolites formed. The substances illustrated in text-figure 1 
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TEXT-FIGURE 1.—Some of the possible metabolites of N-2-fluorenylacetamide. 


I, N-2-Fluorenylacetamide (2-acetylaminofluorene—name previously used given 
in parentheses where different from usage in Chemical Abstracts) 
II. 2-Fluorenamine (2-aminofluorene) 
III. N-(1-Hydroxy-2-fluorenyl)acetamide (2-acetylamino-1-hydroxyfluorene) 
IV. N-(3-Hydroxy-2-fluorenyl)acetamide (2-acetylamino-3-hydroxyfluorene) 
V. N-(5-Hydroxy-2-fluorenyl)acetamide (2-acetylamino-5-hydroxyfluorene) 
VI. N-(7-Hydroxy-2-fluorenyl)acetamide (2-acetylamino-7-hydroxyfluorene) 
VII. 7-Amino-2-fluorenol* (2-amino-7-hydroxyfluorene) 
VIII. N-Methyl-2-fluorenamine (2-methylaminofluorene) 
IX. N,N-Dimethyl-2-fluorenamine (2-dimethylaminofluorene) 
X. N-(9-Oxo-2-fluorenyl) acetamide (2-acetylaminofluorenone) 
XI. 2-Amino-9-fluorenone (2-aminofluorenone) 
XII. 4-Acetamido-2-biphenylearboxylic acid 
XIII. 4’-Acetamido-2-biphenylcarboxylic acid 
XIV. 4’-Amino-2-biphenylcarboxylic acid 
XV. N-2-Fluorenyldiacetamide (2-diacetylaminofluorene) 


*Data for the various isomeric aminofluorenols wil] be reported in a subsequent paper. 
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might be some of these metabolites. One step which might be expected 
in the metabolism of N-2-fluorenylacetamide would be deacetylation 
leading to 2-fluorenamine. This reaction has been shown to take place 
both in vivo (5) and in vitro (12,13). However, Dyer (14) has found only 
a small amount of free diazotizable material, and Gutmann and Peters 
(15) reported the presence of only a trace of 2-fluorenamine in the urine 
of rats fed N-2-fluorenylacetamide. 

N-Methylation of aromatic amines (10,16) and N-diacetylation (12) 
are still other possible metabolic pathways. N-Methyl-2-fluorenamine, 
N,N-dimethyl-2-fluorenamine, and N-2-fluorenyldiacetamide would be 
obtained if these reactions occurred during the metabolism of N-2- 
fluorenylacetamide. Unless such compounds were metabolized further, 
some portion could appear in the urine. 

Hydroxylation is another important metabolic pathway of aromatic 
ring systems (17). Bielschowsky (18) first isolated a small amount of 
N-(7-hydroxy-2-fluorenyl)acetamide from the urine of rats fed N-2- 
fluorenylacetamide, but no quantitative estimate of the relative impor- 
tance of this metabolite could be made then. Theoretical considerations 
(19) indicated that of all the possible 2-acetamido-x-hydroxyfluorenes, the 
1-, 3-, 5-, and 7-hydroxylated derivatives could be metabolites of N-2- 
fluorenylacetamide. In view of the known conjugation of phenolic 
compounds with sulfuric or glucuronic acid (20,21), these derivatives in 
turn might be expected to occur. Moreover, deacetylation of the 2- 
acetamido-x-hydroxyfluorenes would produce the corresponding 2-amino- 
x-hydroxy derivatives as well as their conjugates. The latter compounds 
could also result, of course, from the hydroxylation and conjugation of 
2-fluorenamine. 

Quinones have been identified as the metabolic oxidation products of 
certain polynuclear aromatic hydrocarbons (22). The quinones under- 
went further reactions involving the splitting of the bond between the 
carbonyl and adjacent carbon with production of a carboxylic acid (23). 
The 9-carbon in fluorene is of a somewhat more aliphatic type than the 
carbons in the aforementioned hydrocarbons, but it is conceivable that 
similar reactions might occur. Thus N-(9-oxo-2-fluorenyl)acetamide, 
2-amino-9-fluorenone, and, by ring opening, 4-acetamido-2-bipheny]l- 
carboxylic acid or the isomeric 4’-acetamido-2-biphenylcarboxylic acid 
and the corresponding amines could be metabolites of N-2-fluorenylaceta- 
mide. 


Methods and Results 


Care of animals.—Three- to 6-month-old female Buffalo strain rats, 
weighing 130 to 190 gm., were given, by stomach tube, a single dose of 
the carcinogen N-2-fluoren-9-C'*-ylacetamide at the dose of 10 mg. of 
compound per 100 gm. of body weight. This amount of N-2-fluorenyl- 
acetamide on repeated weekly feeding was found to induce tumors (24). 
The animals were placed in glass metabolism cages permitting the separate 
collection of urine and feces. The urine was collected in a vessel cooled 
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by an ice bath. Food and water were available ad libitum. Our previous 
experiments (5) had demonstrated that a substantial portion of the 
urinary radioactivity was excreted in the first 48 hours following the 
feeding of the labeled compound. Therefore the pooled 0- to 48-hour frac- 
tion of urine, simply referred to as ‘‘urine,’”’ was used in the isotope-dilution 
experiments. 

Radioactivity determinations.—The samples were counted at each step 
in the various carrier-isotope dilution experiments. In the early stages 
of the purification procedures the filter cake (about 20 to 22 mm. in 
diameter) was counted with an end-window Geiger-Miiller tube (24). 

In later stages of the process the specific radioactivity (s.a.) of the 
samples was determined and expressed in counts per minute per millimole 
(c.p.m. per mM). For this purpose a known weight of about 10 mg. of 
sample dissolved in the appropriate solvent was made up to a volume of 
1 ml. Almost infinitely thin layers of the material were then spread over 
an area of 11.5 cm.? by pipetting a 25 to 50 ul. aliquot on 1.5-inch diameter 
glass disks. Such plates were always prepared and counted in duplicate 
or triplicate in a gas-flow windowless counter, with a probable error of 
2 to 3 percent except on samples of very low activity. Such materials 
were counted for at least 1 hour in a Robinson-type (26) counter, which 
had a background-counting rate of 3.8 ¢.p.m.; in the final stages of an 
experiment a sample count of at least 8 hours was sandwiched between 
2 background counts of similar duration to give data of reasonable reliabil- 
ity. This was especially important when a compound was not a metab- 
olite and counted at or close to background rates. At appropriate 
stages the melting points of the materials were taken on a Kofler block. 

Use of specific adsorbents—In the course of preliminary experiments 
it was found that the efficiency of purification of the carrier compound 
was increased appreciably by the judicious use of adsorbents either in a 
column or in a batch process. For example, Norit adsorbed almost com- 
pletely and practically irreversibly the ether-soluble metabolites of N-2- 
fluorenylacetamide, as shown in table 1. This was also demonstrated in 
the case of the N*-labeled carcinogen (27). In the instance cited the 
adsorbent was 1,000-fold in excess of the adsorbed metabolites; hence 


TABLE 1.—Adsorption of ether-soluble metabolites of N-2-fluorenylacetamide on Norit* 











: Counts Percent 
Fraction | recovered | recovered 
a ca wh actos Owe Saiar aaa ah ache ahs Rigel ea eewe 59 0. 36 
NR eS isda alaco a Bathing ei aia mnte ark OMe 78 0. 47 
ag ara he 2 as es ued ares ad elond 80 0. 49 
IE OE, 8 og. nis s idle Mess bow oe aedinedoes 130 0. 79 
FN OEE SE ee ee ae Ee 110 0. 67 
Ethanol-ammonia in Soxhlet for 20 hrs................. 608 a7 
A I ino we ee ea ae wanna eek weinmeawe eas 1, 065 6.5 











*An ether extract of urine containing 16,400 c.p.m., equivalent to 26 ug. N-2-fluorenylacetamide, was added 
to 46 mg. of Norit and the activity was eluted by solvents of increasing polarity, asshown. For the last step the 
Norit was transferred to a micro-Soxhlet extractor. 
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removal from the solution was complete. In our experiments an amount 
of Norit equivalent to 5 to 20 percent of the weight of the carrier com- 
pound was generally employed. Under those conditions a competitive 
equilibrium between the various solutes for the adsorbent surface existed, 
so that in favorable cases most of the contaminants were adsorbed. 
Columns of alumina acted similarly except that the adsorptive capacity 
was more selective. Polar compounds such as phenols were adsorbed 
from benzene solution and could be eluted by ethanol, while 2-fluoren- 
amine and N-substituted basic or neutral derivatives were not adsorbed 
from benzene. Advantage was taken of these properties in the following 
experiments. 

General procedure-—The metabolites from a labeled precursor have, of 
course, the same specific molar radioactivity as the parent compound 
provided that no dilution from endogenous sources arises, which is evi- 
dently impossible in the case of the synthetic carcinogen N-2-fluoren-9- 
C'-ylacetamide. For example, let it be assumed that there are a ug. 
of A in a mixture of labeled metabolites of equal molar specific activities 
with a total radioactivity R. Now 6 mg. of unlabeled carrier-compound 
A is added to the mixture. Compound A is now reisolated and subjected 
to a series of rigorous and optimally specific purification procedures. 
After each step the specific radioactivity (s.a.) a of the compound is 
determined. When this factor is constant, the percentage of A in the 
mixture can be taken as 100 X a X b/R. In the case where a=0, i.e., 
where A is not radioactive after the purification procedures, it is certain 
that the carrier compovnd used was not present in the mixture analyzed. 
The carrier-isotope dilution technique thus yields valuable data which 
otherwise would not bb available. It is important, however, to carry 
the sequence of steps sufficiently far and to be aware of the limitations 
of the method. Some aspects of this technique have been discussed by 
Heidelberger (22). 


Urinary Metabolites of N-2-Fluorenylacetamide 


N-2-Fluorenylacetamide.—To a solution of 1.01 mM (224.5 mg.) of 
N-2-fluorenylacetamide in 7 ml. of hot ethanol was added 2 ml. of urine 
containing 1,520,000 c.p.m. as radioactive metabolites. On cooling, 
213.7 mg. of material crystallized. This was recrystallized from a mix- 
ture of 10 ml. of ethanol and 15 ml. of water using 20 mg. of Norit. The 
product was then chromatographed in benzene solution on alumina 
(Merck, suitable for chromatographic adsorption). After removal of the 
solvent, the material was crystallized from 10 ml. of ethanol and 15 ml. 
of water to yield 132.2 mg. of N-2-fluorenylacetamide. Two further 
crystallizations from aqueous ethanol left 127.6 mg. The compcund 
was then hydrolyzed by refluxing with 35 ml. of 3.5 N hydrochloric acid 
for 2 hours. The acid was neutralized with 140 ml. of hot 8% sodium 
bicarbonate solution; on cooling, 77.7 mg. of 2-fluorenamine crystallized. 
Reacetylation with 2 ml. of acetic anhydride in 10 ml. of benzene, fol- 
lowed by successive crystallizations from 20 ml. of 50% ethanol, 15 ml. 
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of 30% acetic acid, 15 ml. of 35% ethanol, 13, 11, and 10 ml. of 25% 
acetic acid, using 10 mg. of Norit on the last step, gave a product of 
constant s.a. of 6460 c.p.m. per mM. Hence, unchanged N-2-fluorenyl- 
acetamide accounted for 6460 1.01 X 100/1,520,000, or 0.43%, of tue 
urinary radioactivity. 

2-Fluorenamine.—To a solution of 1.23 mM of 2-fluorenamine in 400 
ml. of boiling water was added 2 ml. of urine containing 1,520,000 ¢c.p.m. 
and the hot solution was filtered. The crystalline product obtained on 
cooling was filtered, dried, and chromatographed in benzene solution on 
an alumina column. The benzene eluate was taken to dryness and the 
residue crystallized successively from 5 ml. of ethanol and 400 ml. of 
water, 50 ml. of ethanol and 200 ml. of water, and 25 ml. of ethanol 
and 100 ml. of water. Acetylation with 1 ml. of acetic anhydride in 
20 ml. of benzene, followed by successive crystallizations from 30 ml. 
of 30% ethanol, 25 ml. of 30% ethanol, and 16 ml. of 25% acetic acid, 
gave products with a s.a. of 1120, 1000, and 1070 c.p.m. per mM. Thus 
2-fluorenamine represented 1.23 X 1070 X 100/1,520,000, or 0.87%, of 
the radioactive urinary metabolites. 

A parallel experiment using 1.23 mM of 2-fluorenamine and 2 ml. of 
the same urine incubated for 12 hours with bacterial 8-glucuronidase ° 
(820,000 units) after the addition of 0.5 ml. of 0.3 M acetate buffer, 
pH 6, gave a product with a s.a. of 1180 c.p.m. per mM. 

N-(1-Hydroxy-2-fluorenyl)acetamide.—To a solution of 0.723 mM of 
N-(1-hydroxy-2-fluorenyl)acetamide (28) in 20 ml. of 0.5 N potassium 
hydroxide solution was added 500 yu1. of urine containing 423,000 c.p.m. 
After thorough mixing, the pH was adjusted to 6 with 1 N hydrochloric 
acid and the resulting suspension was heated to the boiling point and 
cooled. The precipitate was filtered off and recrystallized twice from 12 
and 6 ml., respectively, of 50% ethanol using 25 mg. of Norit. The 
compound was then recrystallized twice from 12 and 6 ml., respectively, 
of benzene, using 13 mg. of Norit on the first step. Solution in 5 ml. 
of benzene, treatment with 15 mg. of Norit, and addition of 2 ml. of 
cyclohexane to the hot solution gave, on cooling, crystals of as.a. of 8370 
c.p.m. per mM. Three further crystallizations from benezene-cyclo- 
hexane mixtures stabilized the s.a. at 5500, 5380, and 5260 c.p.m. per mM, 
respectively. Therefore, this compound is a metabolite of N-2-fluor- 
enylacetamide, accounting for about 0.9% of the urinary activity. In 
several other experiments of this type, a somewhat lower proportion of 
the urinary activity, of the order of 0.1 to 0.2%, was ascribable to this 
compound. 

Hydrolysis of glucuronides by incubation of the urine with glucuronidase, 
as described earlier, followed by carrier analysis as outlined above showed 
that the sum of free N-(1-hydroxy-2-fluoreny]) acetamide and its glucuro- 
nide represents 1.4% of the urinary radioactivity. 

N-(3-Hydrory-2-fluorenyl)acetamide.—To a hot solution of 0.963 mM 
of N-(3-hydroxy-2-fluorenyl)acetamide (28) in 22 ml. of ethanol was 


¢ Purchased from Sigma Chemical Company, St. Louis, Mo. 
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added 1.5 ml. of urine containing 1,140,000 c.p.m. On addition of 24.5 
ml. of hot water and cooling, the compound crystallized. The material 
was then successively recrystallized as follows: dissolved in 35 ml. of 68% 
ethanol, refluxed 0.5 hr. with 20 mg. of Norit, filtered, 5 ml. of water 
added, and ethanol boiled off to incipient crystallization; crystallized suc- 
cessively from 10 ml. of 50% acetic acid, 60 ml. of 33% ethanol, 120 ml. 
of 17% acetic acid (20 mg. Norit), 60 ml. of 33% ethanol, 60 ml. of 17% 
acetic acid, 45 ml. of 33% ethanol, 115 ml. of 13% acetic acid, 40 ml. 
of 50% ethanol (20 mg. Norit), 60 ml. of 17% acetic acid, 30 ml. of 33% 
ethanol, a mixture of 5 ml. of acetic acid, 5 ml. of ethanol, and 20 ml. 
of water, 30 ml. of 33% ethanol, 100 ml. of benzene and 15 ml. of ethanol, 
32.5 ml. of 23% ethanol. The s.a. of the compound over the last 3 opera- 
tions was 6100, 5300, and 5650 c.p.m. per mM, respectively. Hence 
0.963 X 5650 X 100/1,140,000, or 0.48%, of the urinary radioactivity 
was accounted for by this compound. 

When these experiments were performed on glucuronidase-treated 
urines the total N-(3-hydroxy-2-fluorenyl)acetamide accounted for 4.5 
and 7.6% on 2 different samples. Thus the glucuronic acid-conjugated 
compound amounted to 4 to 6%, approximately, of the urinary metab- 
olites of N-2-fluorenylacetamide. 

N-(5-Hydrory-2-fluorenyl)acetamide—To a refluxing solution of 0.772 
mM of N-(5-hydroxy-2-fluorenyl)acetamide (1/9) in 220 ml. of water was 
added 2.0 ml. of urine (1,520,000 c.p.m.). The mixture was filtered while 
hot and cooled, whereupon the compound crystallized. Purification of 
this material was carried out as follows: successive crystallizations from 
150 ml. of water (39 mg. of Norit), 120 ml. of water, 28 ml. of xylene, 22 
ml. of xylene, hydrolysis to the aminohydroxy derivative by refluxing 69 
mg. of the material in 10 ml. of 12 N hydrochloric acid for 45 minutes, 
recrystallization of the amine hydrochloride in 12 ml. of 6 N hydrochloric 
acid; conversion to the free amine by means of 8% sodium bicarbonate 
solution, crystallization from 15 ml. of 66% ethanol; solution in 11 ml. of 
0.1 N hydrochloric acid, followed by filtration and addition of 5 ml. of 
10% sodium acetate solution and acetylation by four 0.5 ml. portions of 
acetic anhydride while the mixture was stirred for a total of 5 hours; 
successive crystallizations from 22 ml. of water and from 4.5 ml. of xylene. 
After the last 3 steps the s.a.’s were 73,300, 64,500, and 68,200 c.p.m. per 
mM, respectively. It was concluded that this compound accounts for 
0.772 X 68,200 * 100/1,520,000, or 3.5%, of the urinary metabolites. 

Glucuronidase-hydrolyzed urine investigated in a parallel experiment 
showed a total of 31.4% of N-(5-hydroxy-2-fluorenyl)acetamide. Thus 
28% of this compound was present as a glucuronic acid conjugate. 

N-(7-Hydrozry-2-fluorenyl)acetamide.— Urine (2.0 ml. or 1,520,000 c.p.m.) 
was added to a hot solution of 0.835 mM of N-(7-hydroxy-2-fluorenyl)- 
acetamide (29) in 7 ml. of 70% ethanol; on cooling the compound crys- 
tallized. It was purified by the following steps: successive recrystalliza- 
tions from 10 ml. of 40% ethanol (Norit), 8 ml. of 25% acetic acid, 12 ml. 
of 33% ethanol, 15 ml. of 20% acetic acid (Norit), 9 ml. of 30% acetic 
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acid, 11 ml. of 25% ethanol, 8 ml. of 25% acetic acid; hydrolysis to the 
aminohydroxy derivative by refluxing in 2 a. of ethanol and 6 ml. of 12 N 
hydrochloric acid for 1 hour; solution of the hydrochloride in 25 ml. of 
0.02 N hydrochloric acid and treatment with Norit (freed of adsorbed air 
by prior boiling in water); acetylation with acetic anhydride at pH 4; 
successive recrystallizations from 10 ml. of 20% acetic acid and 6 ml. of 
17% acetic acid. The s.a.’s of the compound were 90,000, 76,000, and 
76,000, respectively, after the last 3 steps. Thus N-(7-hydroxy-2-fluorenyl) 
acetamide accounted for 0.835 X 76,000 * 100/1,520,000, or 4.2%, of the 
urinary radioactivity. 

After glucuronidase treatment the radioactivity carried by this com- 
pound increased to 13.8% of the urinary metabolites; thus 9.6% was 
accounted for by the glucuronic acid conjugate. In 2 other experiments 
10 and 10.3%, respectively, were found for free N-(7-hydroxy-2-fluoreny])- 
acetamide fre 21% was found for the free and glucuronic acid-conjugated 
compound. In - case in which a dog was fed labeled N-2-fluoren-9-C"- 
ylacetamide, 12.7 and 25%, respectively, of the urinary radioactivity 
were associated with free and conjugated N-(7-hydroxy-2-fluorenyl)- 
acetamide (30). 

The excretion of free N-(7-hydroxy-2-fluorenyl)acetamide at various 
periods after a single dose of N-2-fluoren-9-C"*-ylacetamide is reported in 
table 2. It is noteworthy that this compound represents a fair amount 
of the urinary metabolites even when the total amount of metabolites 
excreted drops to low levels. 


TABLE 2.—Excretion of free N-(?-hydroxy-2- 
fluorenyl)acetamide in urine as | a function of 
time after administration of N-2-fluoren-9-C- 








ylacetamide 
— Percentage of | Percentage of 
— urinary dose 
metabolites administered 
4-10 9 0.8 
10-22 5.2 1.2 
22-34 3. 9 1.0 
46-58 13. 4 0.1 
58-70 12.0 0. 05 
70-82 11.5 0. 035 
82-96 7.3 0. 03 











*Urine for the period 34 to 46 hours was not available for study. 


Potential Metabolites Absent in Urine of Rats Fed N-2- 
Fluorenylacetamide 


In general, the procedure used with the following compounds, which 
were not metabolites of N-2-fluorenylacetamide, was the same as that 
employed with the substances found to be urinary metabolites. A sample 
of urine from rats fed the labeled carcinogen, containing 250,000 to 
2,000,000 c.p.m., was added to a solution of the appropriate compound, 
the compound was reisolated and then purified. 
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N-Methyl-2-fluorenamine.—After a series of operations consisting of 
crystallization, chromatography, vacuum sublimation, and conversion to 
the 3,5-dinitrobenzamide, the radioactivity of the N-methyl-2-fluorena- 
mine (31,32) used as carrier declined to background levels, indicating 
that this compound was not a metabolite of N-2-fluorenylacetamide. 

N,N-Dimethyl-2-fluorenamine.—Following treatments with Norit, crys- 
tallization, and chromatography, the radioactivity of this carrier (32) 
decreased to background rates. 

N-2-Fluorenyldiacetamide—Vacuum sublimation and repeated crys- 
tallization from aqueous ethanol and from methanol gave a product which 
carried no radioactivity. During purification of the material used as 
carrier, it was found that chromatography of benzene solutions on alumina 
(Merck) and neutral or acidic aluminia (Woelm) caused the hydrolysis of 
the N-2-fluorenyldiacetamide to N-2-fluorenylacetamide. 

N-(9-Oxo-2-fluorenyl)acetamide.—Crystallization and conversion to the 
2,4-dinitrophenylhydrazone were used to purify this compound which, 
however, did not carry radioactivity. 

2-Amino-9-fluorenone.—Crystallization from benzene, using Norit, fol- 
lowed by acetylation and crystallization from aqueous ethanol gave a 
product free of radioactivity. 

4'-Acetamido-2-biphenylcarborylic acid.—Crystallization from 20% ace- 
tic acid and vacuum sublimation gave material which was inactive, 
indicating that it was not a metabolite of N-2-fluorenylacetamide. 

4'-Amino-2-biphenylcarborylie acid —After crystallization from aqueous 
ethanol, treatment with Norit, and acetylation the activity of this carrier 
compound dropped to zero. 

4-Acetamido-2-biphenylearborylic acid.—The carrier compound was pre- 
cipitated several times from dilute ammonium hydroxide solution and 
crystallized, using Norit, to give material devoid of radioactivity. 


Discussion 


Table 3 summarizes the results obtained in this series of experiments. 
Although the test used earlier for diazotizable amine (1) accounted 
for as much as 45 percent of a dose of N-2-fluorenylacetamide (4), it was 
recognized that alterations in the molecule probably had occurred which 
were not detectable by the colorimetric method. This opinion can now 
be substantiated, for in our experiments the sum of N-2-fluorenylacetamide 
and 2-fluorenamine represents only 1.3 percent of the urinary activity, 
which in turn amounts to about 65 to 75 percent of the dose administered. 
Similar values for N-2-fluorenylacetamide and 2-fluorenamine have been 
reported by Gutmann and Peters (15) after the intramuscular injection 
of N-2-fluorenylacetamide. The small proportion of the administered 
carcinogen which is excreted unchanged proves that most of the adminis- 
tered compound is metabolized. Although deacetylation of N-2-fluorenyl- 
acetamide occurs to a considerable extent (5,12), only a relatively minor 
amount of 2-fluorenamine is present in the urine, showing that this com- 
pound also undergoes further changes. One of these consists, of course, 
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in the reverse acetylation reaction which was demonstrated in vitro (12) 
and which also can be surmised to proceed in vivo by the fact that a limited 
portion of administered 2-fluorenamine is excreted as the amide (14, 33, 34). 
Thus, after N-2-fluorenylacetamide intake, the compound excreted is the 
sum of the unchanged material and that produced by reacetylation of 
2-fluorenamine. If reacetylation is prevented by a pantothenic acid 
deficiency (34), only a very minor amount of N-2-fluorenylacetamide is 


excreted. 


TABLE 3.—Summary of compounds investigated 























Potential metabolites absent in 
Urinary metabolites of N-2-fluorenylacetamide* urine of rats fed N-2-fluorenyl- 
acetamide 
Compound Percent | Compound 
N-2-Fluorenylacetamide............ 0.4 | 2-Amino-9-fluorenone 
LO roe ee 0.9 | N-(9-Oxo-2-fluorenyl) acetamide 
N-(1-Hydroxy-2-fluorenyl)acetamide.| 0. 1-0.9 | N-Methyl-2-fluorenaminef 
N-(1-Hydroxy-2-fluorenyl) acetamide N,N-Dimethy]-2-fluorenaminet 
68 og: orator dharani 0.5 N-2-Fluorenyldiacetamide 
N-(3-Hydroxy-2-fluorenyl) acetamide . 0.5 4- Acetamido-2-biphenylcarboxylic 
N-(3-Hydroxy-2-fluorenyl) acetamide acidt 
oe are 4-6 4’-Acetamido-2-biphenylcarboxylic 
N-(5-Hydroxy-2-fluorenyl) acetamide. 3. 5 acidt 
N-(5-Hydroxy-2-fluorenyl) acetamide 4’-Amino-2-biphenylearboxylic acidt 
II ray oisini cole witintea nueia sa | 28 
N-(7-Hydroxy-2-fluorenyl)acetamide.| 4-10 
N-(7-Hydroxy-2-fluorenyl) acetamide 
I ic coca cctartare ex gs alae tad 10-12 
a aa) atery ping ernie nie ween | 52-63 





*Data expressed as percentage of total urinary radioactivity. 
tThis compound was synthesized for us through the courtesy of Dr. F. E. Ray, Cancer Research Laboratory, 
University of Florida, Gainesville. 


Hydroxylation appears to occur mainly in the unsubstituted ring of 
N-2-fluorenylacetamide. About 50 percent of the total urinary radio- 
activity was accounted for by the free and glucuronic acid-conjugated 5- 
and 7-hydroxylated derivatives. Of these 2 compounds, the former has an 
appreciably higher solubility in water as well as in organic solvents. 
Therefore, N-(7-hydroxy-2-fluorenyl)acetamide was the only compound 
isolated from urine by Bielschowsky’s technique (18) even though the 
5-hydroxy derivative was present in amounts of the same order of magni- 
tude. Both compounds respond positively in the diazo test of Westfall 
and Morris (1). The compounds 5-hydroxy- and 7-hydroxy-2-fluorena- 
mine give 70 and 50 percent, respectively, of the color intensity at 525 mu 
(19,27). Thus these 2 compounds present in the concentrations listed in 
table 3 would show a color intensity equivalent to a 33 percent 2-fluorena- 
mine content. This is only slightly lower than the amount of diazotizable 
material reported in urine of rats fed N-2-fluorenylacetamide either in 
single or multiple doses (4,7). Hence, an appreciable proportion of diaz- 
otizable material is accounted for by these 2 compounds. 

The nitrite test was developed for the estimation of N-(7-hydroxy-2- 
fluorenyl)acetamide (27), but the 5-hydroxy derivative interferes in 
this test to the extent of 35 percent. Neither 1-hydroxy- nor 3-hydroxy-2- 
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fluorenylacetamide responds to the test for diazotizable amine (/), and 
they cause only slight interference in the nitrite test (27), so that the pres- 
ence of these metabolites was not evidenced by colorimetric methods. 
Since our data suggest that other as yet unknown metabolites of N-2- 
fluorenylacetamide exist which still contain a diazotizable aromatic amino 
group, it seems prudent to interpret only in a general manner the results 
obtained by the diazotizable amine and by the nitrite tests. 

The formation of ortho-hydroxylated aromatic amines has been impli- 
cated in the carcinogenic process (35,36). The finding of this type of 
compound as a metabolite of N-2-fluorenylacetamide in the form of both 
possible ortho isomers, N-(1-hydroxy-2-fluorenyl)acetamide and N-(3- 
hydroxy-2-fluoreny!)acetamide, does not contradict such a hypothesis. 
The isolation of N-(2-hydroxy-3-fluorenyl)acetamide (37) following the 
ingestion of the slightly carcinogenic N-3-fluorenylacetamide (38), how- 
ever, might suggest that ortho hydroxylation of aromatic amines may not, 
per se, be a sufficient requirement for carcinogenesis. Although only 
relatively small amounts of the ortho-hydroxy metabolites occur, they 
may, nevertheless, be important in the carcinogenic action of N-2-fluorenyl- 
acetamide. 

It is of some interest that both ortho-hydroxyaminofluorenes are pro- 
duced, whereas in the case of 2-naphthylamine only the 1-hydroxy deriva- 
tive has been isolated. One explanation could be that bond fixation (39) 
in 2-naphthylamine tends to restrict the distribution of the negative 
charges of the nitrogen atom to carbons 1, 6, and 8 so that hydroxylation 
at those positions might take place preferentially. On the other hand, 
the evidence available (40-42) suggests that bond fixation does not occur 
in fluorene, so that an amino group substituted in the 2 position would 
tend to activate at least the 1, 3, 5, and 7 positions (19). This hypothesis 
is supported by the demonstration that the rat hydroxylates all of these 
positions. Furthermore, the presence in the urine of many hydroxy 
derivates of N-2-fluorenylacetamide, whereas only one has actually been 
isolated, suggests that more sensitive techniques might lead to the dis- 
covery of several hydroxylated metabolic products in the case of other 
complex aromatic ring systems. 

It is noteworthy that although the phenols excreted in the urine as 
glucuronic acid conjugates were never isolated directly from glucuronidase- 
treated urine, free N-(7-hydroxy-2-fluorenyl)acetamide (18) has been re- 
covered from untreated urine. According to our data the free 7-hydroxy 
derivative is excreted in larger amounts than the other free hydroxy 
metabolites, and it is the only one to crystallize because of its lower 
solubility. However, after enzymic hydrolysis of the glucuronides the 
5-hydroxy derivative is present in a larger amount, and the other com- 
ponents of the mixture then amount to a more appreciable fraction and 
may prevent the crystallization of any of the compounds. Bielschowsky’s 
method (18) permits the isolation of N-(7-hydroxy-2-fluorenyl)acetamide 
from the urine of rats and dogs (30) fed N-2-fluorenylacetamide with fair 
reproducibility. However, both the poor yield of this compound and 
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solvent-partition experiments previously reported (6,9) indicate that other 
metabolites must be present. Our attempts to isolate these compounds 
by procedures patterned after those of Berenbom and Young (43) gave 
rise to untractable gums and tars which failed to yield crystalline materials. 
This is understandable in the light of the large number of different yet 
closely related compounds that we found to be urinary metabolites of 
N-2-fluorenylacetamide. 

Similar phenomena were experienced during work on the metabolites 
of N-3-fluorenylacetamide (37), suggesting that compounds other than 
the reported N-(2-hydroxy-3-fluorenyl)acetamide were present as glu- 
curonic acid conjugates. 

In an abstract Boyland (44) reported 2-naphthylamine-N-glucosidur- 
onic acid as a metabolite of 2-naphthylamine. Our data with 2-fluoren- 
amine might suggest the presence of a similar conjugate. On the other 
hand, the values of the respective specific activities, 1180 and 1070 
c.p.m. per mM are so close as to be within the experimental error of this 
type of experiment, so that the question must remain open pending 
further investigation. 

Besides conjugation with glucuronic acid, ethereal sulfate formation is 
another method whereby excretion of phenols takes place (21). Chroma- 
tographic evidence to be reported in the following paper indicates that 
N-2-fluorenylacetamide is metabolized to sulfuric acid conjugates. Quan- 
titatively, these conjugates are a relatively unimportant route of excretion, 
however, since their sum amounts to only 7 to 8 percent of total urinary 
radioactivity. 

The presence of mercapturic acids derived from N-2-fluorenylacetamide 
in the urine of rats given an oral dose of the carcinogen was investigated 
by the technique of Stekol (45). Within the limitations of the method 
no evidence for such metabolites was found. 

The metabolites of N-2-fluorenylacetamide discussed so far, which 
amount to a substantial portion of the urinary radioactivity, are more 
acidic than the compound fed. Hence, it would be expected that such 
compounds would extract into the organic phase of an ether-water system 
at acidic or neutral pH values and would tend to remain in a basic aqueous 
layer. On the whole, such behavior was observed in our ether-extraction 
experiments (6,9). However, Gutmann and Peters (15) indicated that 
considerable radioactivity was extracted by ether at pH 11 to 12, while 
relatively small amounts were ether soluble at pH 2 to 3, and only traces 
were removed at neutral pH. The explanation for this discrepancy is 
not obvious. 

Our experiments indicate further that N-methyl-2-fluorenamine, N,N- 
dimethyl-2-fluorenamine, and N-2-fluorenyldiacetamide were not urinary 
metabolites of N-2-fluorenylacetamide. In addition, N,N-dimethyl-2- 
fluorenamine was not present in the urine of rats given N-methy]l-2-fluor- 
enamine (32). Thus, it can be concluded that the aromatic amino group 
was not methylated or diacetylated (12), unless these derivatives were 
produced in the tissues but not excreted in the urine. One such case has 
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been recorded with p-phenylazoaniline, where the methyl derivatives 
were detected in the livers of rats fed the dye but not in the urine (46). 
However, because of the high sensitivity of the isotope-dilution procedure 
a level of radioactivity corresponding to 0.001 yg. of N-2-fluoren-9-C'*- 
ylacetamide in a sample could be detected with considerable accuracy, 
and data showing the presence of one half that amount can be accepted 
with some confidence. Hence, the excretion of any small fraction of a 
tissue metabolite should be discernible. 

Likewise, oxidation at the 9-carbon to the fluorenone derivatives did 
not seem to take place. Therefore, it is not surprising that the corres- 
ponding biphenylcarboxylic acid derivatives were not metabolites either. 

It thus appears that hydroxylation at selected positions of the N-2- 
fluorenylacetamide ring system, with subsequent conjugation of a portion 
of the hydroxylated derivatives with glucuronic or sulfuric acid, is a 
major biochemical reaction occurring during the metabolism of the car- 
cinogen. These products account for 50 to 60 percent of the total radio- 
activity excreted in the urine during a 48-hour period after a single dose 
of N-2-fluoren-9-C"-ylacetamide. 

Only 2 of the metabolites reported herein have so far been tested for 
carcinogenicity. 2-Fluorenamine appeared to have an effect rather similar 
to that of N-2-fluorenylacetamide itself, although some minor differences 
were noted. 2-Fluorenamine induced a few tumors at the site of applica- 
tion as well as at other sites when painted on the skin of rats, whereas 
N-2-fluorenylacetamide was carcinogenic only at other sites, such as the 
liver, mammary gland, etc. (47-49). This might be interpreted to mean 
that 2-fluorenamine is closer to a “primary carcinogen” than N-2-fluor- 
enylacetamide since metabolism of the latter may be required to evoke 
the effect. This view finds support in the report (50) that 2-p-toluene- 
sulfonamidofluorene, which cannot be hydrolyzed to the amine in vivo, is 
not carcinogenic (51). The 2-benzoylamino derivative, which is hydro- 
lyzed only with difficulty (14,15), is only slightly carcinogenic (51). On 
the other hand, the conversion of N-2-fluorenylacetamide to 2-fluoren- 
amine is reversible (12), and it is therefore difficult to ascribe the carcino- 
genic effect to one compound without implicating the other until further 
studies on the mechanism of action of these compounds resolve this 
question. 

In the first evaluation of the carcinogenic effect of N-(7-hydroxy-2- 
fluorenyl)acetamide, negative results were obtained by Bielschowsky (52) 
after the oral administration of this compound to albino rats for 63 weeks. 
Hoch-Ligeti (53) reported neoplastic changes in 7 of 8 rats after intake of 
this compound for 100 weeks (except for 1 rat showing earlier tumors, 
after 54 weeks). In view of the long delay in the appearance of tumors in 
most of these animals it is not certain that the observed lesions were not 
of a spontaneous nature (38). 

The systematic study of the carcinogenicity of the metabolic products 
of N-2-fluorenylacetamide, now in progress in this laboratory, should in 
time establish which chemical structures are primarily responsible for the 
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neoplastic transformations. However, the metabolites per se might not 
be carcinogenic, but their formation could alter the normal metabolic 
pattern and hence lead to malignancy (12,14). In this case the chemical 
structure of the metabolites might furnish a clue regarding the enzyme 
systems or cellular locations involved. 


Summary 


Urinary metabolites of N-2-fluorenylacetamide excreted by rats after 
oral administration of the carcinogen were determined by the carrier- 
isotope dilution method. In a representative 48-hour sample of urine 
N-2-fluorenylacetamide and its deacetylated product, 2-fluorenamine, 
accounted for only 0.4 and 0.9 percent, respectively, of the radioactivity, 
indicating almost complete in vivo transformation of the ingested com- 
pound. 

The percentages of free and glucuronic acid-conjugated metabolites 
were as follows (the first figure represents the free material and the second, 
the conjugated): N-(1-hydroxy-2-fluorenyl)acetamide—0.1 to 0.9, 0.5; 
N-(3-hydroxy-2-fluorenyl)acetamide—0.5, 4 to 6; N-(5-hydroxy-2-fluor- 
enyl)acetamide—3.5, 28; N-(7-hydroxy-2-fluorenyl)acetamide—4 to 10, 
10 to 12. Thus, biological hydroxylation at selected and theoretically 
predicted positions of the polynuclear ring system and conjugation of the 
hydroxylated derivatives with glucuronic acid is an important reaction 
in the metabolism of N-2-fluorenylacetamide. These metabolites account 
for 50 to 60 percent of the total urinary radioactivity in the rat after a 
single dose of N-2-fluoren-9-C'-ylacetamide. 

By analogy with the metabolism of other aromatic compounds, further 
possible transformations could involve methylation of the amino group, 
while oxidation of the 9-methylene carbon to a 9-ketone and splitting of 
the latter compound could lead to a carboxybipheny] derivative. Within 
the limits of the sensitive method used, however, none of the following 
compounds were detected in the urine: N-methyl-2-fluorenamine, N,N- 
dimethyl-2-fluorenamine, N-2-fluorenyldiacetamide, 2-amino-9-fluoren- 
one, N-(9-oxo-2-fluorenyl)acetamide, 4-acetamido-2-biphenylcarboxylic 
acid, 4’acetamido-2-biphenylcarboxylic acid, and 4’-amino-2-biphenyl- 
carboxylic acid. 
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Chromatographic Separation of Some 
Metabolites of the Carcinogen N-2- 
Fluorenylacetamide ' 


Joun H. Wetsspurcer, EvizaABetu K. WEISBURGER, 
Harotp P. Morris, and Hersert A. Soper,” 
Laboratory of Biochemistry, National Cancer Insti- 
tute,> Bethesda, Maryland 


Ten urinary metabolites of the carcinogen N-2-fluorenylacetamide 
have been identified by means of the carrier-isotope dilution procedure 
(1). These compounds do not account for all the radioactivity in a 
sample of urine; hence an independent method of ascertaining the nature 
of these products and gaining information on as yet unknown metabolites 
was of considerable importance. This report details the development 
of chromatographic systems which permit the separation and identifica- 
tion of some of the metabolites of N-2-fluorenylacetamide. 

Ether extraction of urines of rats given radioactive N-2-fluoren-9-C'- 
ylacetamide removed only 20 to 30 percent of the radioactivity (2,3), 
whereas the compound fed was preferentially ether-soluble. This be- 
havior indicated that a considerable proportion of the carcinogen was 
metabolized into more polar products. It was hoped, therefore, that 
the chromatographic techniques so successful in the separation of amino 
acids could be adapted to the fractionation of the metabolites of this 
carcinogen. 

A variety of solvents was tried in preliminary experiments, using ascend- 
ing monodimensional paper chromatograms of urines and ether extracts 
of urines of rats given the labeled carcinogen. Two solvent systems, 
1 and 2 (table 1), gave the best separation of the water-soluble urinary 
metabolites of N-2-fluorenylacetamide. However, in these solvents chro- 
matography of the ether-extractable metabolites gave only 2 spots of 
R;, 0.81-0.88 and 0.91-0.95, which sometimes merged into 1 spot. This 
observation indicated either that only 1 or 2 metabolites were extractable 
into ether, or that solvent systems 1 and 2 (table 1) could not resolve 
a larger number of compounds. It is evident. from the R; values listed 
in table 1 that the presently known ether-soluble metabolites of N-2- 
fluorenylacetamide could not be separated by solvent systems 1 or 2. 
It was concluded that the low solubility of these compounds in the aqueous 


1 Received for publication May 21, 1956. 
2 We are grateful to Mr. P. H. Grantham and Mrs. A. R. Parker for their excellent technical assistance. 
3 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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phase was responsible for their movement near the solvent front, indica- 
tive of a partition ratio in favor of the organic phase. A systematic survey 
was therefore made wherein the polarity of the organic phase was de- 
creased by increasing the proportions of solvents of successively lower 
polarity, such as in the series methanol, ethanol, tert.-butanol, sec.- 
butanol, n-butanol, toluene, benzene, cyclohexane, and ligroin. On the 
other hand, by the proper addition of small amounts of water-miscible 
organic solvents (acetic acid, methanol, tert.-butanol, and pyridine) the 
solubility of the compounds in the stationary phase was increased. Two 
of the large number of solvent systems tested (3 and 4, table 1) were 
found suitable for the resolution of some of the ether-soluble metabolites 
of N-2-fluorenylacetamide on paper chromatograms. Solvent system 
3 was adapted to a silicic acid partition column, where separations could 
be effected on a larger scale. 


Materials and Methods 
Compounds 


N-2-Fluorenylacetamide was used as the compound labeled in the 9 
carbon atom with carbon 14 (6,6), since no suitable color test to reveal 
its position on the chromatogram could be developed. The other com- 
pounds used in the evaluation of the chromatographic methods were not 
labeled, since the color tests described below were sensitive enough to 
demonstrate the location of the compounds on the paper without over- 
loading the chromatogram. The ether extract of urine of a rat fed 
N-2-fluorenylacetamide was expected to contain, among others, the fol- 
lowing compounds: 2-fluorenamine, N-(1-hydroxy-2-fluorenyl) acetamide, 
N-(3-hydroxy-2-fluorenyl) acetamide, N-(5-hydroxy-2-fluorenyl) acetamide, 
and N-(7-hydroxy-2-fluorenyl)acetamide [references to the preparation 
of these compounds are cited in (1)]. The aforementioned substances 
served, therefore, as initial standards for the development of the chro- 
matographic technique. 


Color Tests 


The three procedures listed in table 1 were found useful in revealing 
the position of some of the metabolites of N-2-fluorenylacetamide. 

Folin-Ciocalteu reagent.—This reagent, prepared exactly as described 
(7), was diluted with 3 parts of distilled water prior to use. The paper 
chromatograms were sprayed lightly, but uniformly, with the diluted 
reagent by means of an all-glass atomizer connected to a compressed-air 
line. The location of the compounds was revealed by a stable blue spot 
which developed in a few minutes at room temperature after a second 
spray with 20 percent sodium carbonate solution applied immediately 
following the first spray. This was the most sensitive test but did not 
discriminate between the compounds, since it depends on the production 
of molybdenum blue by reducing substances. 
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Chlorine—Colors appeared immediately on the dried paper chromato- 
grams of the test compounds upon exposure to chlorine. A contact time 
of 15 seconds was usually allowed. The spots were traced and recorded 
within an hour since the colors tended to fade to a light tan overnight. 
This test was most suitable for 7-amino-2-fluorenol, as it gave a character- 
istic yellow color with great sensitivity. 

Coupling reaction.—This test was patterned after the coupling reactions 
using diazotized p-nitroaniline or sulfanilic acid (8), but more intense 
and stable colors were obtained with another reagent prepared as follows: 
Reflux 50 mg. of 7-nitro-2-fluorenamine (9) in 20 ml. of 0.5 N hydrochloric 
acid for 10 minutes, cool in an ice bath, add 20 mg. of sodium nitrite, 
and stir 15 minutes. Destroy the excess nitrite by urea over a period 
of 30 minutes, add a pinch of Celite, filter through a fluted filter into an 
atomizer, and add water to make about 100 ml. The reagent was stable 
for a few days when kept refrigerated. The chromatograms were sprayed 
with this reagent first, then with the 20 percent sodium carbonate solu- 
tion, which brought out the colors on a white background. The back- 
ground turned light tan overnight, but the colors were fairly stable. 
Those hydroxy derivatives which had a free para position in the same 
ring gave a red color with greater sensitivity than those compounds where 
coupling must have occurred in an ortho position. 7-Amino-2-fluorenol 
gave a negative test. 


Metabolites of N-2-Fluorenylacetamide in Urine and Urinary Extracts 


Urines of rats fed the labeled carcinogen were collected in ice-cold 
graduated cylinders (1). At the end of the desired collection period 
the samples were boiled for 30 seconds to destroy any enzymes, such as 
8-glucuronidase, which might be present. Omission of this step led to 
progressive alteration of the urines, even when stored at 4° C., with pro- 
duction of more of the ether-soluble and reduction of the water-soluble 
metabolites. 

After buffering the samples with 0.5 to 2.0 ml. of 0.3 M acetate buffer, 
pH 6, they were extracted with freshly distilled, peroxide-free ether in 
a continuous liquid-liquid extractor for 6 hours. The ether solutions 
were allowed to evaporate to dryness at room temperature, or alterna- 
tively were blown down in a stream of nitrogen. The residue was taken 
up in a small volume of ethanol for the paper chromatograms or tert.- 
butanol for the silicic acid partition columns. 

Glucuronides were hydrolyzed by the addition of 5 to 50 mg. of 
glucuronidase * to the urines buffered to pH 6, followed by overnight 
incubation at 37°. Sulfuric acid conjugates were split similarly with 
Taka-diastase. ° 


4 Bacterial 8-glucuronidase with a specific activity of 25,000 units per milligram was purchased from Sigma 
Chemical Company, St. Louis, Mo. 


§ We are grateful to Professor R. T. Williams, St. Mary’s Hospital Medical School, London, for suggesting this 
method. Taka-diastase was purchased from Parke-Davis & Company, Detroit, Mich. 
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Chromatography 


Paper.—In general Schleicher and Schuell grade No. 598 paper was 
used throughout this work; although grade No. 596 gave sharper bands, 
it had the disadvantage of overloading readily. For 1-dimensional 
chromatograms, grids of eighteen 7-mm.-wide strips were cut in a 14 X 17 
inch sheet of paper with an automatic cutter (10). The strips prevented 
the sidewise movement of the applied materials and therefore permitted 
the use of smaller amounts without danger of loss over a large area. 
Furthermore, more substances could be run simultaneously on the same 
sheet of paper than would be feasible on a plain sheet. 

Procedure and solvents.—Materials to be chromatographed were applied 
1 to each strip 2% inches from the bottom of the sheet. This distance 
was preferable to a shorter one because of the fast rise of the solvent, 
and consequent lack of equilibrium conditions, in the initial stages of 
the chromatogram. A nick with a diamond stylus rather than a pencil 
line was used to trace the starting line because some of the metabolites 
of N-2-fluorenylacetamide were irreversibly adsorbed on the carbon- 
containing pencil tracing. 

Table 1 lists the composition of the mixtures which were prepared 
immediately prior to use. 

Solvents 1 and 2 consisted of a single phase. The chromatograms 
with these systems were run in an ascending-descending fashion for 18 
to 24 hours in an aquarium type of tank as described by Block et al. (11). 
Solvents 3 and 4 were made up in a separatory funnel and equilibrated 
at the temperature of the chromatographic development. The aqueous 
phase was placed in a small beaker or petri dish, containing a piece of 
tissue paper, in the center of a museum jar (7% inches in diameter and 
18 inches high). A few ml. of the organic phase was placed at the bottom 
of the jar and the paper was suspended above the liquid level for over- 
night equilibration. Omission of this step led to nonreproducible Ry 
values. The solvent was then introduced to the bottom of the museum 
jar by means of a long tube so that about \ inch of the lower end of the 
paper dipped into the solvent. Six to 8 hours was generally required to 
move the solvent front in an ascending fashion about 12 inches beyond 
the point of application of the substances to be separated. The papers 
were then dried in a few minutes by the air stream of a hood: however, 
overnight aeration was required for the complete removal of traces of 
acetic acid or pyridine. The solvent front was visible on the dry papers 
in an ultraviolet light ® but none of the metabolites could be visualized 
thus. 

Technique for radioactive samples.—The radioactivity of liquid samples, 
such as urines, extracts, and paper or column eluates, was determined by 
plating of aliquots on 1.5-inch diameter glass disks (12) followed by 
counting in a windowless counter having 48 percent efficiency. Except 
for 2-fluorenamine, the metabolites of N-2-fluorenylacetamide were not 


6 Hanovia Mineralight #30600, Hanovia Chemical and Manufacturing Company, Newark, N. J. 
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volatile under these conditions, and no loss of radioactivity was en- 
countered. Conversion of 2-fluorenamine to the hydrochloride by addi- 
tion of a trace of hydrochloric acid also rendered this compound non- 
volatile. 

Application of 5 to 75 ul. samples containing 5,000 to 20,000 counts per 
minute (c.p.m.), as determined by the above-mentioned procedure, to 
paper strips resulted in spots having a count rate of 200 to 600 ¢.p.m. 
when placed directly under the window of an end-window counter.’ 

Autoradiographs of the developed chromatograms were prepared by 
placing the paper in firm contact with a 14X17-inch sheet of Kodak 
No-Screen X-ray film in a commercial X-ray cassette. Exposures of 1 
to 2 weeks, depending on the number and sharpness of the spots, were 
usually required with the amount of radioactivity indicated above to 
obtain satisfactory autoradiographs. Chromatograms containing both 
dense and weak spots were exposed between 2 sheets of film. The first 
sheet was carefully removed after 1 week and the second film was de- 
veloped after 4 or more weeks, depending on the results shown by the 
first sheet. Film and cassettes were stored in a cold room to keep the 
background low. The exposed film was processed in the usual manner. 

Examination of the chromatograms by autoradiography was pre- 
ferred over the scanning with a counter because better resolution of closely 
spaced spots with very different relative activities, such as encountered 
in this work, was achieved by the film technique. 
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TEXT-FIGURE 1.—Effiuent diagram of ether-soluble urinary metabolites of N-2-fluoren- 
9-C"-ylacetamide. Experimental conditions are detailed in text. 


? Nuclear-Chicago model D 34, window thickness 1.4 mg. per cm.’ or equivalent counter. 
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Chromatographic separation on a column.—A typical chromatogram 
using solvent system 3 will be described. Sixty grams of silicic acid 
(Mallinckrodt, 100 mesh) was intimately mixed with 30 ml. of the aqueous 
phase of the solvent mixture and transferred to a 2X40 cm. chromato- 
graphic tube (Corning #38450) as a slurry in the filtered organic layer. 
After settling under a pressure of 5 lbs. of nitrogen, the column, which 
was 30 cm. high, was allowed to stand overnight while covered with 
solvent. The butanol solution (2.2 million c.p.m. in 0.85 ml.) of an 
ether extract of glucuronidase-treated urine containing radioactive 
metabolites of N-2-fluoren-9-C'*-ylacetamide was carefully applied to 
to the top of the column and washed in with two 1 ml. portions of the 
solvent. A solvent reservoir containing the organic phase was then 
attached to the top of the chromatographic tube through a ball joint and 
a nitrogen pressure of 2 to 3 lbs. was applied. Two ml. fractions of eluate 
were collected every half hour by means of an automatic fraction collec- 
tor. Fifty ul. aliquots of each tube were plated and counted. When no 
further radioactivity appeared the column was washed with ethanol, 
which gave rise to another peak. A plot of radioactivity against volume 
of eluate is shown in text-figure 1. Suitable fractions under peaks were 
combined as indicated, and aliquots were chromatographed on paper 
together with known compounds to identify the components. 


Results 


Paper chromatography.—It is apparent that solvent systems 1 and 2 
are not suitable for the separation of any of the compounds listed in 
table 1. Solvents 3 and 4, on the other hand, yield a fair resolution of 
these compounds, provided that the hydroxyfluorenamines can be sep- 
arated from the acetyl derivatives by fractionation prior to chromatog- 
raphy. This can be achieved readily by extraction of an ether solution 
of a mixture of these compounds with very dilute hydrochloric acid, 
which removes the free amines. The acetylated compounds have ap- 
proximately the same R,; values in either of the solvents, while the free 
amines move at different rates in solvents 3 and 4. 

The rate of travel of the compounds in these solvents was quite repro- 
ducible provided that care was taken to establish and maintain equili- 
brium conditions. Equilibration for 4 hours instead of overnight or 
variation in temperatures resulted in different R;, values consisting, 
usually, of a somewhat faster movement of the hydroxy derivatives. 
However, separation of the compounds from each other was still achieved 
under those conditions. Thus, R; values of 0.75-0.85, 0.70—-0.82, 0.45- 
0.51, 0.23-0.33, 0.10-0.21, and 0.05-0.16 were occasionally encountered 
for N-2-fluorenylacetamide and the 1-, 3-, 5-, 8-, and 7-hydroxy deriva- 
tives, respectively, in solvent system 3.8 When chromatograms of un- 
known mixtures were run, the known compounds were routinely chro- 
matographed simultaneously so as to detect any irregularity. 


§ The higher mobilities were found when the solvent traveled in the machine direction of the paper, while the 
lower Ry values were obtained when the paper was cut at right angles to this direction. 
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A typical autoradiograph of a chromatogram of an ether extract of 
urines containing the radioactive metabolites of the labeled carcinogen 
showed intense spots with R; values of 0.01-0.06, 0.08-0.11, 0.13-0.20, 
0.30-0.50, 0.55-0.75, as well as some areas with small amounts of radio- 
activity. The spot with an R; of 0.75 was rather elongated and probably 
represented both N-2-fluorenylacetamide and the 1-hydroxy derivative. 
The mobility of the other unknown spots agreed with that of the cor- 
responding known compounds listed in table 1. 

N-(8-Hydroxy-2-fluorenyl) acetamide was recently shown to be a minor 
metabolite of N-2-fluorenylacetamide (13,14). This compound, however, 
could not be demonstrated directly on the chromatograms of urine con- 
taining the metabolites of the carcinogen because its R; value places it 
between the 5- and 7-hydroxy derivatives, which are present in relatively 
much larger amounts. Thus the 8-hydroxy derivative generally is 
masked. Nevertheless, direct evidence that this compound is a metabo- 
lite of the carcinogen can be adduced from the column-chromatographic 
technique, which affords a prior separation, followed by paper chroma- 
tography (see below). 

In general, solvent system 4 was less suitable than 3 for the resolution 
of the hydroxylated metabolites of N-2-fluorenylacetamide. The band 
representing the 1-hydroxy derivative overlapped that of the 3-hydroxy 
compound so that resolution was impaired unless very small amounts of 
the compounds were present in a mixture. Both solvents were used in 
2-dimensional chromatograms, giving a better separation of the individ- 
ual components described above than in a 1-dimensional run. However, 
no other spots appeared, indicating no other components were present 
within the limitations of the resolving power of the individual solvent 
systems. 

Column chromatography.—Table 2 lists those peaks of the effluent from 
the column which could be identified by the simultaneous paper chroma- 
tography of known compounds and unknown fractions. The solution in 
peak ¢ corresponded to N-(1-hydroxy-2-fluorenyl)acetamide. However, 
N-2-fluorenylacetamide, which is present according to the carrier ex- 
periments (1), may also be contained in this fraction since the solvent 
system discriminates between these 2 compounds with difficulty. Peak 
e consisted of the 3-hydroxy derivative, while the 5-hydroxy derivative 
was cleanly separated under peak g. The 8-hydroxy derivative was 
contained in peak A, but was not separated very sharply from the suc- 
ceeding peak i, which contained a relatively large amount of the 7- 
hydroxy compound. A carrier-isotope analysis on the fraction under 
peak h by suitable methods, such as detailed in the previous paper (1), 
showed that this fraction contained 60 percent of the 8-hydroxy deriva- 
tive. The components constituting the other peaks visible in text- 
figure 1 are at present not definitely known, and further work is under 
way to identify them. Thus, the column method not only separated 
the hydroxylated derivatives of N-2-fluorenylacetamide which have so 
far been identified, but also afforded a method by which larger amounts 
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of unknown metabolites can be made available for study. Some clues 
regarding the structure of the unknowns can be derived from their posi- 
tion on the column, since, under the experimental conditions used, the 
substances are eluted in the order of increasing polarity. 


TABLE 2.—Identity of fractions separated on silicic acid column 





Effluent vol- | 











Peak ume fraction Compound 
(ml.) 
c | 36-60 N-(1-Hydroxy-2-fluorenyl) acetamide 
€ 82-104 N-(3-Hydroxy-2-fluorenyl) acetamide 
g 210-270 N-(5-Hydroxy-2-fluorenyl) acetamide 
h 270-350 N-(8-Hydroxy-2-fluorenyl) acetamide 
t 350-440 | N-(7-Hydroxy-2-fiuorenyl) acetamide 





An application of the chromatographic method—sulfuric acid conjugates 
as metabolites of N-2-fluorenylacetamide—Ether extraction of urine con- 
taining the metabolites of the labeled carcinogen removed 30 percent 
of the radioactivity as the free hydroxylated derivatives and left 70 per- 
cent in the aqueous phase. Aliquots of the latter were incubated with 
6-glucuronidase, Taka-diastase, and 6-glucuronidase plus Taka-diastase. 
The resulting solutions were extracted again with ether to remove the 
materials freed by the enzymic hydrolysis. Ten percent of the activity 
was hydrolyzed by Taka-diastase (table 3) and may have been associated 
with sulfuric acid conjugates, which thus would amount to 7 percent of 
the total urinary metabolites. The ether extracts were processed as 
described in the experimental part and aliquots were chromatographed 
on paper in solvents 3 and 4. The autoradiographs from paper chroma- 
tograms of the ether extracts of urine and glucuronidase-treated urine 
were similar to those obtained in the previously described experiments. 
The chromatog sms of the Taka-diastase-hydrolyzed urine were note- 
worthy by the absence of the normally intense spot corresponding to 
N-(5-hydroxy-2-fluorenyl)acetamide. There were only questionable traces 
of the compounds having R, values corresponding to the 1- and 3-hydroxy 
derivatives. N-(7-Hydroxy-2-fluorenyl)acetamide was the main radio- 
active spot, although some radioactivity also remained at or near the 


TABLE 3.—Ether-extractable urinary metabolites of N-2-fluorenylacetamide after hydrol- 
ysis by various enzymes* 





Percent- 
age ether- 
extract- 
able 


Enzyme preparation 





SEE EPIL EEA D IAS RO RE TN eg AR 53 
Ta oa a A oli are i ar ee 10 
PERSONS Gnd Tabet. 6. on.vcccciiciaccivvcovesecsecccuse 63 








*The aqueous phase (460,000 c.p.m.) of an ether-extracted urine was incubated at 37° with 35 mg. of each enzyme 
preparation for 9 hours. 
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origin. Thus, conjugation with sulfuric acid seemed to be more selective 
than that with glucuronic acid, which occurred to a considerable extent 
with all the hydroxylated derivatives so far identified. 

The experiments with the Taka-diastase-hydrolyzed urine can be 
interpreted, however, in 2 ways. The complete absence of N-(5-hy- 
droxy-2-fluorenyl)acetamide in the hydrolysate might indicate that the 
rat does not conjugate this compound with sulfuric acid or that the 
conjugate is not hydrolyzed by the enzyme preparation used in our ex- 
periments. If the observation of Boyland et al. (15) that ortho-amino 
hydroxysulfates could not be split by Taka-diastase were applicable to 
the fluorene derivatives, the 5-hydroxy conjugate should be hydrolyzed 
and the 1- and 3-hydroxy derivatives should not. 


Discussion 


The chromatographic procedures thus confirm by a direct approach the 
presence of all 5 hydroxylated derivatives of N-2-fluorenylacetamide 
which have been shown to occur as metabolites of the carcinogen by the 
carrier-isotope dilution procedure. Therefore, the concordant results 
obtained by 2 different methods constitute suitable evidence for the 
hydroxylation at positions 1, 3, 5, 7, and 8 of the fluorene ring system. 
A comparison of the quantitative data obtained by the 2 approaches, 
however, reveals certain discrepancies which remain to be resolved. The 
carrier-isotope procedure consistently showed that N-(1-hydroxy-2- 
fluorenyl)acetamide was present in smaller amounts than the 3-hydroxy 
derivative. Yet, the spot on the paper chromatograms as well as the 
column fractionations indicated with equal reproducibility that the area 
corresponding to the 1-hydroxy derivative was more intense than that 
due to the 3-isomer. This suggests that there are other metabolites 
having mobilities similar to N-(1-hydroxy-2-fluorenyl)acetamide under 
the conditions of our experiments. Carrier experiments (1/6) demon- 
strated that 7-amino-2-fluorenol is a very minor metabolite of N-2- 
fluorenylacetamide. However, the spot on paper chromatograms in 
solvent 3 with an Ry value of 0.06 (corresponding to 7-amino-2-fluorenol) 
represented a larger amount of radioactivity than that expected on the 
basis of the carrier experiments. Hence, it must be assumed that there 
is at least 1 as yet unknown metabolite with an R; value of 0.06. 

Similarly, the weak bands occurring in other regions of the chromato- 
grams might indicate the presence of other minor metabolites, while the 
slow-moving components near the origin on the paper chromatograms 
and the last eluted fraction from the column represent appreciable un- 
known portions of the ether-extractable urinary metabolites of N-2- 
fluorenylacetamide. In view of their position on the chromatograms, 
these compounds must be quite polar. 

The paper and column techniques yield separation of the ether- 
extractable metabolites of the carcinogen. The paper-chromatographic 
procedure is considerably faster than the column for routine application, 
such as determination of the composition of extracts in terms of the main 
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metabolites. On the other hand, substantial amounts of the metabolites 
can be separated on the column. Hence, those minor constituents of 
the mixture which might be overlooked on the paper chromatogram are 
separated somewhat better and account for a sufficiently large number of 
counts so that their presence is revealed by the column method. For 
example, the recently discovered metabolite of N-2-fluorenylacetamide, 
N-(8-hydroxy-2-fluorenyl)acetamide (13), was masked on paper chro- 
matograms by the neighboring stronger spots due to the 5- and 7-hydroxy 
derivatives. Chromatography on the column, however, had better 
resolving power, so that the 8-hydroxy derivative appeared as a discrete 
entity. Moreover, only the column yields sufficient material to under- 
take the identification of unknown metabolites. 

Similar techniques are being applied to the separation of the metabolites 
of N-2-fluorenylacetamide obtained from tissues and also to the fraction- 
ation of the water-soluble metabolites. 


Summary 


Two new solvent systems have been developed for the separation on 
paper chromatograms of some of the ether-soluble urinary metabolites 
of the carcinogen N-2-fluorenylacetamide. One of these mixtures has 
been adapted to a partition-column procedure on silicic acid permitting 
the resolution of these compounds on a larger scale. Thus, the isomeric 
N-(1-, 3-, 5-, 7-, and 8-hydroxy-2-fluorenyl)acetamides were separated 
and identified chromatographically. 

The chromatographic procedure was also applied to a study of the 
sulfuric acid conjugates of the above-mentioned hydroxylated derivatives. 
The evidence obtained indicated that a rat fed N-2-fluorenylacetamide 
excreted in the urine mostly the sulfate of the 7-hydroxy derivative but 
none of the 5-hydroxy derivative. This conclusion, however, is based 
on the assumption that Taka-diastase could hydrolyze the sulfuric acid 
conjugate of the 5-hydroxy derivative if it were present. 
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The Components of Cigarette Smoke. 
I. Preliminary Studies"? 


Atvin I. Kosak, James S. SWINEHART, and Davip 
TaBER,’ Institute of Industrial Medicine, New York 
University—Bellevue Medical Center, New York, New 
York 


Wynder, Graham, and Croninger (1) have demonstrated that the appli- 
cation of cigarette-smoke condensates to the skin of mice and rabbits 
elicits carcinomas at the site of application. This paper reports the 
primary chemical phase of an attempt to isolate and identify the substance 
or substances in tobacco smoke responsible for the observed biological 
activity. The presence of numerous compounds has been reported in 
tobacco smoke (2), but a large part of such condensates consists of 
unidentified material. 


Experimental 
Smoking Machine 


The apparatus (plate 25) accommodates 240 cigarettes in 12 manifolds; 
the cigarettes are positioned horizontally and the distance between their 
axes is 25 mm. The manifolds are connected to 2 Y-tubes (6 per Y) by 
means of ball-and-socket joints, and these Y’s lead in turn into a larger 
Y-tube which is fixed to the collecting system. This last consists of 4 cold 
traps in series, the first being a cylindrical vessel with an inner tube of 
large (5 cm.) diameter, the second and third, balloon-type flasks of about 
1 liter capacity, and the fourth, a double U-tube. All glass connections 
in the apparatus are through standard taper or ball-and-socket ground 
joints. The first, third, and fourth traps are immersed in liquid air and 
the second in dry ice-acetone. The vacuum is generated by a Crowell 
rotary air pump, size 2-A. A 25-gallon reservoir tank is in parallel with 
the pump, and needle valves in the connecting line to the system control 
the flow of air. Two solenoid valves opening simultaneously, in parallel, 
are actuated by a Haydon timing motor and connect the pump system 
to the fourth collecting trap. (The function of a second solenoid valve 
is merely to increase the area of the orifice between the vacuum system 
and the smoking section.) 


1 Received for publication March 5, 1956. 

2 Aided by grants from the American Cancer Society and Damon Runyon Memorial Fund. 

3 We wish to thank Professor Norton Nelson for his advice and encouragement during the course of this investi- 
gation. We are indebted to Professor O. R. Trautz for the X-ray diffraction data and their interpretation. 
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The machine is adjusted to take a 2-second puff once a minute (8). 
The average volume of each puff is in the range of 35 to 40 ml. per ciga- 
rette, depending upon the length of the cigarette and the amount of tar 
deposited in the collection train. Inasmuch as variations in the physical 
structure of individual cigarettes exist, the air drawn through each ciga- 
rette will not be uniform. From kymograph measurements made with a 
Gorrell and Gorrell Mono-Drum and tambour inserted in the system, 
a pressure-time curve for the puffing process was determined; the pressure 
value reaches a maximum (ca. 40 mm. H,O) almost instantly, falls off 
slowly, and then very quickly drops off to zero at the end of the puff. 
Although this curve differs from that reported by Bradford et al. (3) for 
human smokers, data obtained on the smoking patterns of members of 
this laboratory varied considerably from individual to individual, and we 
are not prepared to designate this relationship as critical. 

The more common devices for collecting particulate matter, ¢.g., 
filters, cascade impactors, electrostatic precipitators, were felt to be poorly 
suited for the present problem since the amount of material to be trapped 
was relatively large and a nonoxidizing atmosphere was requisite. The 
system employed functions principally by impact and gravity deposition, 
aided by an increase in particle size by condensation and growth. Since 
cigarette smoke is a 2-phase system—particulate and vapor (4)—the 
collection train is well suited for trapping this material. A small amount 
of smoke escapes collection; the amount is estimated to be less than 
0.1 percent of the total weight. 

Equal numbers of 5 popular brands of 70 mm. blended American 
cigarettes are consumed. They are inserted in the holders of each mani- 
fold, the manifolds are connected seriatim to a supplementary source of 
low vacuum, the cigarettes are lit by means of a multi-jet gas burner, and 
the manifolds are fixed to the Y-tubes. The smoking operation is then 
initiated and continued until the median butt length is2.5cm. The spent 
cigarettes are removed, fresh cigarettes are inserted, and the cycle is 
repeated. The accumulated “tar” in the traps is periodically removed 
with the aid of acetone and is stored in full bottles at —20° C. until use. 


Fractionation 


The smoke condensate-acetone mixture was distilled to 68° or to 36° C. 
per 220 mm.; distillate=AC, residue=B. 

A) Residue B was cooled to 0° C. and washed with five 650 ml. portions 
of cold 2 N hydrochloric acid (quantity of acid for 1000 gm. of B) and with 
six 800 ml. portions of water. The combined acid extracts and water 
washes were centrifuged, and the sediment was washed with water and 
added to the acid-insoluble residue (D). The aqueous acid solution was 
designated A’B’. 

B) In later runs B was cooled to 0° and extracted successively with two 
900 ml. portions of cold water (per 1 kg. of B), 700 ml. of cold 12 percent 
hydrochloric acid, and 7-300 ml. portions of water; the mixture was 
agitated for 15 minutes after each addition. The combined extracts 


Journal of the National Cancer Institute 





ns 
ith 
ter 


nd 
yas 
wo 
ant 
vas 
cts 


tute 











THE COMPONENTS OF CIGARETTE SMOKE 377 


were filtered through glass wool, and the residue was washed 3 times 
with 200 ml. portions of water which were added to the filtrate A’B’; 
the acid-insoluble substances constituted D. A’B’ was partially neutral- 
ized at 0° with 1 liter of 8 percent sodium hydroxide solution. The 
mixture was distilled to a temperature of 41° per 25 mm., 500 ml. of abso- 
lute ethanol was added, and the distillation repeated; this procedure was 
repeated twice again. To the residue was added 400 ml. of methanol, 
and the pH of the solution was adjusted to 8 with 10 percent methanolic 
sodium hydroxide. After removal of the solvent in vacuo, the material 
was extracted 3 times with acetone, using 800, 90, and 90 gm. successively. 
Vacuum distillation of the solvent from the extract gave AB. The residue 
was extracted successively with several other solvents to separate the 
organic material from the sodium chloride residue; evaporation of the 
solvents gave ABI. 

D was distilled to 103° per 1.5 mm., giving a 2-phase distillate—E; the 
aqueous phase was extracted with ether, the solvent was removed, and 
the residue was added to the organic layer to constitute EA. The distil- 
lation residue, F, was extracted with petroleum ether (30-60°) using 
successively a 3100 ml. portion, a 620 ml. portion, two 620 ml. portions, 
and two 200 ml. portions. The residue, J’, was extracted with 910 ml. 
of acetone; the acetone-insoluble material was designated JJ and the 
acetone-soluble material, J. 

The combined petroleum ether extracts were equilibrated with 670 ml. 
of 60 percent aqueous methanol, twice with 420 ml. portions of 80 percent 
aqueous methanol, and 5 times with 420 ml. measures of 92 percent 
aqueous methanol. Vacuum distillation of the solvent from the combined 
aqueous methanol extracts gave K. Distillation of the solvent from the 
petroleum ether layer gave M’, which was extracted with 410 ml. of 
acetone. The residue was called MM; the solvent-freed extract was 
named M. 

The relative weights of the fractions expressed as percentages of F were 
K, 15.8; M, 33.6; MM, 11.3; J, 26.6; and JJ, 12.7. The values derived by 
using B as the basis of calculation are less meaningful, since the tar 
contains an appreciable quantity of water which is eliminated during 
the work-up, and the distribution is thus based on a hypothetical anhy- 
drous tar; since fractions A’ and EA are not derived from F, these values 
are also cited: A’, 51; EA, 7; K, 4; M, 14; MM, 5; J, 12; JJ, 6. The 
values for all fractions except A’ are based on either 9 or 10 runs; the 
A’ value is based on 5 runs. 


Preparation of n-Hentriacontane 


16-Hentriacontanone.—Synthesized by the method of Kipping (4) in 41 
percent yield. 

Margaroyl chloride (6).—To a solution of 10 gm. (36 M) of margaric 
acid in 36 ml. of benzene was added 8.4 gm. of phosphorus pentachloride 
over a 2-hour period. After refluxing for 1 hour, the mixture was distilled 
and the material boiling at 139 to 150° C. per 0.5 mm. was collected. 
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This was redistilled and 8.6 gm. (81% yield) of product with a b.p. of 
140 to 148° per 0.5 mm. was obtained; lit. b.p. 139 to 140° per 0.4 mm. (7). 

15-Hentriacontanone.—The ether was removed under vacuum from the 
Grignard reagent obtained from 12 gm. (43 mM) of 1-bromotetradecane 
and 1.07 gm. (44mM) of magnesium after the addition of 4.6 gm. (25 mM) of 
cadmium chloride; 30 ml. of benzene was added, followed by 8.4 gm. 
(29 mM) of margaroyl chloride in 25 ml. of benzene. The mixture was 
refluxed for 2 hours, cooled, stirred with 60 ml. of 2.5 N hydrochloric acid, 
and filtered. The organic layer was washed with 150 ml. of 10 percent 
sodium carbonate solution and twice with water; after distillation of the 
benzene, the residue was recrystallized from ethanol to give 11.6 gm. 
(75%) of colorless ketone melting at 71.6 to 74.3° C. The m.p. was 
raised to 77.3 to 79.1° by chromatography on alumina and 2 additional 
recrystallizations from ethanol. Analysis: Calculated for C3,;H_,0: C, 82.6; 
H, 13.9. Found: C, 81.4, 82.0; H, 13.3, 13.7. 

n-Hentriacontane.—A mixture of 1.1 gm. of ketone (15- or 16-hentria- 
contanone), 17.0 ml. of 70 percent hydrazine hydrate, and 35 ml. of dieth- 
ylene glycol was maintained at 110° C. for 1 hour; 6.5 gm. of potassium 
hydroxide was then added, and the mixture was refluxed for 8 hours at 
185°. The acidified product was extracted twice with 200 ml. portions 
of benzene, and the residue resulting from the removal of the solvent 
was chromatographed on 200 gm. of alumina. The hydrocarbon was 
eluted with 300 ml. of petroleum ether (30-60°), the solvent was removed, 
and the residue was recrystallized from absolute ethanol. The 15-ketone 
gave a 49 percent yield (0.52 gm.) of hydrocarbon, m.p. 64.0 to 66.4°; 
the 16-ketone gave a 39 percent yield of product melting at 62.3 to 65.6°; 
both of these preparations absorbed faintly in the carbonyl region of the 
infrared spectrum. Purification was effected by chromatography on a 
mixture of 100 gm. of activated carbon (Darco) and 100 gm. of Celite 
535 followed by ethanol recrystallization to give a colorless hydrocarbon, 
m.p. 68.5 to 69.2°; lit. m.p. 68.4 to 69.0° (8). Analysis: Calculated for 
Cz:\Hg: C, 85.2; H, 14.8. Found: C, 85.2; H, 14.8. 


Fraction M’ 
Isolation of Paraffin Hydrocarbons 


A 40 gm. sample of M’ was chromatographed on 1 kg. of Merck activated 
alumina; 19.8 gm. of waxy orange material was eluted by 2 liters of 
petroleum ether (30-60° C.) and melted at 53 to 63°. A 7.7 gm. sample 
of this mixture in 15 ml. of carbon tetrachloride was introduced onto a 
chromatographic column composed of 520 gm. of a 1:1 mixture of activated 
carbon (Darco) and Celite 535 that had been wetted with ethanol. A 
series of solvents of graded polarity were employed as eluting agents. 

Identification of n-hentriacontane.—After the removal of the more 
polar constituents with ethanol-carbon tetrachloride mixtures, a series 
of fractions was obtained with benzene-carbon tetrachloride mixtures 
whose infrared spectra were identical and apparently the same as that 
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of synthetic n-hentriacontane. The combined fractions (wt. 4.3 gm.) were 
recrystallized 8 times from ethanol-benzene to give colorless microcrystals, 
m.p. 69.9 to 71.1°, which did not depress the m.p. of synthetic n-hentria- 
contane, and which had an infrared spectrum indistinguishable from that 
of this compound. Analysis: Calculated for Cs,He: C, 85.2; H, 14.8. 
Calculated for C33H¢s: C, 85.4; H, 14.7. Found: C, 85.3; H, 14.7. 

The traces were obtained with a Norelco Diffractometer. The traces 
between 26 and 1.5° C. of the synthetic hentriacontane and the isolated 
hydrocarbon were both typical patterns of normal chain hydrocarbons. 
The long spacing of the sample from smoke was 43.0 + 0.2 A; the synthetic 
C;,He, had a spacing of 42.1 A (the precision was poorer in this case owing 
to the small size of the sample). Kreger (9) lists the longest spacing of 
the C,, hydrocarbon as 41.4 A and that of the C,, as 43.9 A. The 43.0 A 
value would be in accord with that expected for a mixture of the C;, and 
C;; hydrocarbons. 


Sulfuric Acid Extraction 


A solution of 128.6 gm. M and 82.2 gm. of MM (M+MM=M_’) in 3 
liters of petroleum ether (30-60°) was extracted with sulfuric acid re- 
peatedly until the acid layer was a light straw color. The acid-insoluble 
material was designated (A). 

The combined acid extracts were poured onto excess ice and the resultant 
mixture was extracted with benzene. Removal of the solvent gave 183 
gm. of (B). To (C), the aqueous residue, were added sodium chloride and 
sodium acetate to saturation. No sulfonic acid was obtained. 

Search for benzo[a]pyrene.—(B) was dissolved in 1 liter of benzene and 
chromatographed on 2700 gm. of Davison silica gel, grade 12. A graded 
series of eluting solvents was employed and 20 cuts were taken. Each 
cut was examined in solution in a Beckman quartz cuvette and irradiated 
from above with ultraviolet light from a Hanovia “Inspectolite”’ lamp. 
The fluorescence was inspected by means of a Bausch and Lomb Bunsen 
spectroscope. It was found that the characteristic fluorescence bands of 
benzo[a]pyrene could be readily detected when a 0.001 percent solution of 
that hydrocarbon in benzene was employed. 

Varying amounts of 0.01, 0.001, and 0.0001 percent benzo[a]pyrene 
solutions were spotted on Whatman No. 4 filter paper and developed by 
the descending technique, using a cyclohexane: N,N-dimethylformamide 
3:2 solvent mixture. The limit of visibility of the fluorescence of the 
spots under ultraviolet light was found to be 6d of a 0.0001 percent solu- 
tion (equivalent to 0.006 ug. of hydrocarbon). The R; values were 0.89. A 
spot which fluoresced strongly enough to enable the characteristic bands 
to be distinguished with the spectroscope mentioned previously was 
obtained from 10d of a 0.01 percent solution. 

The several chromatographic cuts of the sulfuric acid extract described 
in the preceding experiment, together with M’, K, J, whole tar, and a 
benzene extract of JJ, were chromatographed under the same conditions 
for 4 hours. No spot was found with the same R, value and fluorescence 
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as that of a reference sample of benzo[a]pyrene. These materials were 
run on 5 sheets; the average R; value of benzo[a]pyrene was 0.79. 


Sublimation 


A sublimation apparatus equipped with a dry ice-acetone cold finger 
containing 15 gm. of M’ was heated at continually increasing temperatures 
at 0.5 mm. See table 1. 


TABLE 1.—Sublimation of M’ 








Fraction Temperature Time Weight 

(hours) | (mg.) 

1 85-90° 5 9.7 
2 90-102 5 26. 3 
3 102-130 2 10. 7 
4 130-135 4 23. 7 
5 135-142 3. 5 16. 8 
6 142-143 4 13. 9 
7 143-145 3 12. 6 
8 145-148 + 21.8 
9 148-151 1 10. 2 
10 151-155 1 13. 1 
11 155-158 1 16. 3 
12 158-160 1 16. 7 
13 160-162 1 17.8 
14 162-165 1 16. 2 
15 165-168 1 17.3 














Chromatography of Fraction M 


Fraction M (54.2 gm.) was chromatographed on 4400 gm. of Davison 
silica gel, grade 12, as shown in table 2. 


TABLE 2.—Chromatography of M 








Wt. of 
| | 
Fraction | Solvent — fraction 
’ | (gm.) 
1 EEE ETE 800 5. 38 
2 I IID 6 o.a ocb co sewc ce cnecwes 1900 1. 42 
3 ES SE eee 4000 1, 24 
C.He in petroleum ether 
4 Rp EE Se ee 4800 2. 16 
5 ES ae rer ene mee wee 4000 4.17 
6 ala. ae te Ge ac the oat atin wrerstior eae 4000 5. 61 
7 Ee sre. od el ai ae ei Clee atm 3000 1. 92 
8 ECA ee eee, 6000 3. 15 
Ether in CsH, 
9 iiss ee vial wel eat a ele otal 7000 1. 92 
10 aE a it ge ted ieranaolai ala ethlac s ot 2000 1. 61 
Acetone in CgH, 
11 ea che ntnvdcauoumewinnaaeda 4000 19. 22 
12 Ee eee cere 3000 1. 59 
13 i sir ae it ig ae terah at Re 7000 2. 31 
14 ee te eee eS 9. 4000 0. 74 
15 Na a ia ac a nal ie a die el ara ce 3000 0. 26 
Methanol in acetone 
16 ra eee aati ata aaa eG 4000 0. 38 
17 Re icra et he eee i 4000 0. 81 
18 I erica alo oui ib ai acts» ewido 2500 0. 61 
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Chromatography of Fraction MM 


A solution of 19.4 gm. of MM in 100 ml. of petroleum ether (30-60°) 
was chromatographed on 895 gm. of Davison silica gel, grade 12. See 
table 3. 

TABLE 3.—Chromatography of MM 














Wt. of 
Fraction | Solvent | Volume | fraction 
| | (ml.) | ons.) 

1 f IN UII oo oi ene owe odisiscee one's | 300 2. 99 

2 DO Oa ci ws raie-s sneew cp ered 400 6. 02 

3 RO ce aly peers arg 3800 1. 22 

CoHe in petroleum ether 

4 De Ne ar ec rae ea eginig aap 3200 1. 18 

5 | Taiping eateen aceasta tesa a eae 1800 0. 80 

6 Nd a eae ae te Ie 1800 0. 69 

7 DID se ed nee ee ie ene 1600 0. 38 

8 | ESERIES Fi aoe pre alates 2500 0. 61 

Acetone in C,H. 

9 fear ale kas cael 4 aoa ores arene Y 1800 1. 43 
10 I ER rome tee Cate rae ates 1600 0. 35 
11 2 Renan KT inepe 1800 1. 22 
12 aa RE Ie ie a eee ae 800 0. 78 
13 By Rear cee  ae r aeer 1600 0. 51 
14 Biggs caw aia ne a OER See 1800 0. 19 
15 onions oe accor ee die 2000 0. 13 
16 re eat en ed 2000 0. 70 
17 M2 ara Geena ota Wa me Cae 2000 0. 60 
18 Se RRSP patie ope meanest DE SA RS ER 1800 0. 20 
19 PN icin a Scena © waa ee Rk Oe sone Ks 2400 0. 43 
20 SSAC ieee seas eae 1000 0. 28 
21 i ac Sie ac de ghar eu Steere 3000 0. 14 
22 RARER REGRESS O 1800 0. 21 





Biological Tests 


Fractions B, D, F, AB, EA, J, JJ, K, M, and MM were tested for their 
ability to cause disappearance of sebaceous glands in mice, a reaction which 
has shown a correlation with carcinogenicity (10);B, D, F, K, M, and J gave 
positive tests. These same fractions, excluding F, were also used in 
long-term skin-painting tests on mice; B, D, M, and K yielded papil- 
lomas. K, J, M, and B were assayed by long-term painting of rabbits; 
B, K, and M produced papillomas. Full details of the biological-testing 
program will be reported by Drs. W. E. Smith, L. Orris, and N.S. Cooper 
in another paper. 


Results and Discussion 


A large-capacity smoking machine was constructed to provide smoke 
condensate for both chemical and biological studies. To facilitate com- 
parison of our results with those obtained in other laboratories, it was 
decided to conform as nearly as possible to the smoking pattern of Brad- 
ford, Harlan, and Hanmer (3), which has been generally adopted by the 
American cigarette industry and which is said to be a good approximation 
of human smoking habits. This scheme requires a puff of 35 ml. volume 
and of 2-second duration, with a 58-second interval between puffs. 
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The acetone-smoke condensate mixture was separated into 8 primary 
fractions as outlined in text-figure 1. Chromatography was deemed 
inadvisable at this stage because of the quantity of material involved, 
although pilot experiments indicated that a useful separation was 
achieved thereby. Extraction of D with sodium bicarbonate solution to 
remove strong acids was discontinued because the amount of material 
thus removed was small; and extraction of D with sodium hydroxide 
solution to remove acidic material was deemed inadvisable, since the 
alkali-insoluble material had an infrared absorption spectrum indicative 
of the presence of carbonyl groups. 

The ultraviolet absorption spectra of the smoke condensate (‘‘tar’’) 
and of the primary fractions other than JJ are given in text-figure 2. The 
general lack of detail in the curves suggests that each fraction is a complex 
mixture. Of particular interest is the low over-all absorption of MM, 
which would be consistent with a high content of aliphatic hydrocarbon. 
Hentriacontane had been reported in tobacco smoke (11-13), and we 
were able to isolate an aliphatic hydrocarbon with the physical properties 
expected for this compound from both M’ and MM by chromatography 
on either alumina or silica gel, followed by chromatography on charcoal- 
Celite; this material (crude m.p. 64.5-66.0° C.) represents about 55 per- 
cent by weight of MM. The normal structure of this “hentriacontane”’ 
had not been demonstrated by previous investigators, and a synthetic 
sample was therefore prepared, for comparison, by the procedure of 
Kipping (5) from palmitic acid and, by a related synthesis, from margaric 
acid as shown in text-figure 3. Although a mixed melting point of the 
isolated and synthetic samples showed no depression, this cannot be taken 
as proof of identity with such compounds. The infrared spectra of the 
2 materials were virtually identical, which was a strong indication that 
the isolated hydrocarbon was normal. The X-ray diffraction pattern of 
the isolated “hentriacontane” was markedly suggestive of a mixture of 
the normal C;, compound with n-tritriacontane. It seems likely that the 
“hentriacontane” reported by previous workers also contained the higher 
paraffin hydrocarbon. Thorpe and Holmes (14) isolated 2 hydrocarbons 
from tobacco leaf to which they assigned the structures hentriacontane 
and heptacosane. Their data for the compound, said to be C27, are not 
internally consistent, and in view of the results reported above, they 
warrant reinvestigation, although we do not dispute the presence of 
hydrocarbons of smaller chain length than C3; in tobacco leaf (and, indeed, 
have some evidence for their existence in smoke). 

The discrepancies in the literature concerning the occurrence of benzo- 
[a]pyrene in tobacco smoke [(2), p. 19] prompted us to search for this 
compound in our “tars.” A sample of M’, the fraction which solubility 
considerations suggested as the most likely locus of polynuclear hydro- 
carbons, was extracted with sulfuric acid following Berenblum’s (185) 
procedure for the isolation of benzo[a]pyrene. The acid-soluble, unsul- 
fonated material was chromatographed on silica gel and the 20 chromato- 
graphic cuts were inspected for the characteristic benzo[a]pyrene fluor- 
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TEXT-FIGURE 2.—M and MM in cyclohexane; tar (B) in acetone; EA, K, J, AB in 
95 percent ethanol. 
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TEXtT-FIGURE 3.—Synthesis of n-hentriacontane. 


escence spectrum (16) under ultraviolet light. Although the fluorescence 
bands of a 0.001 percent solution of benzo[a]pyrene in benzene could be 
distinguished with the equipment used, no such bands were visible in any 
of these cuts. However, the possibility of quenching of fluorescence in 
solutions of these complex mixtures militates against placing too much 
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weight on these data; in general the fluorescence was not intense enough 
to give any definitive spectrum. 

The several chromatographic fractions were then chromatographed on 
paper using a 3:2 cyclohexane: N,N-dimethylformamide solvent mix- 
ture in the descending technique. It had been determined that as little 
as 0.006 yg. of benzola]pyrene could be detected on paper by its fluor- 
escence under ultraviolet light; no spot was found with the same R,; value 
as a reference sample of the hydrocarbon. Similar negative results were 
obtained when fractions M’, K, J, a benzene extract of JJ, and whole tar 
were chromatographed on paper. 

The ultraviolet absorption spectra of extended series of chromatographic 
fractions of M and MM and of a series of sublimates of M’ showed no 
characteristic benzo[a]pyrene bands. 

These results are in disagreement with those of Cooper, Lindsey, and 
Waller (17) but agree with those of several other investigators [(12), p. 19]. 
A possible explanation of the discrepancy in results may lie in the ease 
with which benzo[a]pyrene undergoes photooxidation (/8-20); during 
a relatively lengthy fractionation scheme such as our own, it is conceivable 
that if the hydrocarbon were present, it might be destroyed during the 
work-up; however, this argument does not apply to the paper-chromato- 
graphic work on whole tar. Differences in the cigarettes used (both 
chemical and physical), in the smoking procedures, and in the humidity 
of the environment, may also be significant in this regard. The disagree- 
ment on the presence of benzo[a]pyrene in cigarette smoke would seem 
to be of little biological significance, since the amount reported to be 
present is below the threshold concentration for induction of skin cancer 
in mice (21); and we feel that this fact also minimizes the importance of 
the probable distribution of the hydrocarbon between 2 fractions (e.g., 
M and K) in certain of the procedures described. It should be noted 
that: 1) even if the material were partitioned equally between 2 fractions, 
e.g., K and M, benzo[a]pyrene in the concentration reported by Cooper 
et al. (17) should have been detected by the paper-chromatographic 
method unless additional loss were suffered owing to 1 of the factors 
mentioned above; 2) fractions K and M each elicited tumors in skin- 
painting experiments (see Experimental); and 3) this discussion is con- 
cerned with only the 1 polynuclear hydrocarbon benzo[a]pyrene and does 
not imply that there are no polynuclears present in cigarette smoke; we 
have observed peaks in the ultraviolet absorption spectra of certain 
smoke-condensate fractions which are highly suggestive of polynuclear- 
hydrocarbon absorption, but we do not feel that these can be taken as 
positive proof of identity. 

Summary 


1) A large-capacity cigarette-smoking machine has been devised. 

2) Cigarette-smoke condensate has been separated into 8 fractions. 

3) Indicative proof of the presence of n-hentriacontane and n-tritria- 
contane in the smoke has been obtained. 

4) Analyses for benzo[a]pyrene were negative. 
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Influence of Amethopterin on Tumor 
Growth and Liver Glutathione Levels 
of Mice Bearing Lymphocytic Leuke- 
mias "? 


BERNARD SHACTER, and L. W. Law, National Can- 
cer Institute,’ Bethesda, Maryland 


Numerous investigations have demonstrated that glutathione (GSH) 
plays an important, although as yet not clearly defined, role in cell divi- 
sion (1). The possibility of an altered metabolism of GSH in neoplastic 
disease has therefore been considered frequently (2). 

In human leukemia, the observation has been made (3,4) and disputed 
(5) that leukemic cells have a higher GSH content than normal leukocytes. 
The relationship of GSH to the leukemic process was explored further in 
the present experiments through determination of the influence of a 
growth-inhibitory agent on GSH levels of tumor cells and livers of mice 
bearing experimental leukemias. 

Glutathione and ascorbic acid appear intimately associated in cell 
metabolism, and stresses which affect the cellular concentration of one 
often affect the other (6,7). Moreover, ascorbic acid like GSH appears 
to play a role in cell division (8,9). Ascorbic acid assays were therefore 
also included in the present work. 


Materials and Methods 


Unless otherwise indicated, the experiments were carried out with 
(C3Hf x AKR)F, hybrid mice, approximately 3 months old, bearing 
ascitic growths of the lymphocytic leukemia L4946, of strain AKR origin.* 
Tumors grow rapidly following the implanting of about 1 million cells 
intraperitoneally, attaining maximum growth on the 7th post-transplant 
day. Untreated mice are usually dead on the 8th day. Amethopterin 
(4-amino-N”-methyl-pteroylglutamic acid) has a profound effect in 
inhibiting growth of this neoplasm. When administered at a dose level 
of 3 mg. per kg. every other day, beginning with the day following trans- 
plantation, survival may be extended to over 30 days.® 


1 Received for publication June 12, 1956. 

? Presented in part at a meeting of the American Association for Cancer Research, Atlantic City, N. J., April 
1956 (Proc. Am. Assoc. Cancer Res. 2: 146, 1956). 

3 National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 

4 The specific sublines used were: C3Hf/Lw and AKR/Lw. These F; mice were produced in our laboratory. 
Line B of L4946 transfer generations 55 to 73 was used. 

§ Unpublished data. 
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Change in packed volume of ascitic cells was used as a measure of tumor 
proliferation. Mice fasted overnight were killed by cervical dislocation, 
and the peritoneal fluid was drawn off as completely as possible in a 
syringe, usually after dilution with Locke’s solution. After centrifuga- 
tion, the supernatant fluid was discarded and the packed cells were allowed 
to drain. A measured volume of Locke’s solution was then added to the 
cells, and the cells were uniformly suspended. The packed-cell volume 
of the suspension was determined by centrifugation of an aliquot in a 
Wintrobe hematocrit tube, and from this the total volume of ascites cells 
removed could be readily calculated. The remaining suspension was 
used for determination of the GSH content per ml. of packed cells. 

Livers were excised as rapidly as possible after sacrifice, weighed, and 
homogenized in cold distilled water to give a 10 percent homogenate. 
Aliquots were then added to metaphosphoric acid for GSH determination 
by the nitroprusside procedure of Grunert and Phillips (10), or to tri- 
chloroacetic acid for ascorbic acid assay by the Schaffert and Kingsley (11) 
modification of the dinitrophenylhydrazine method of Roe and Kuether 
(12). Results were calculated on the basis of wet weight of liver. 


Results 


Several preliminary experiments were carried out to determine the 
effect of amethopterin on GSH levels of the leukemic cells. Mice bearing 
6-day-old growths of the tumor were divided into 2 groups. Treated 
mice received 15 mg. per kg. of amethopterin intraperitoneally at about 
20 hours, and again 2 hours prior to sacrifice. Untreated mice were 
given equivalent volumes of Locke’s solution. No differences were found 
in GSH levels of ascitic-tumor cells of the 2 groups; pronounced differ- 
ences, however, were evident in liver GSH levels. The tripeptide con- 
centration, markedly lowered in untreated mice, was raised appreciably 
above normal after treatment with amethopterin. Further investigation 
demonstrated that a single injection of 3 mg. per kg. of amethopterin, 
administered 18 to 20 hours prior to sacrifice, was as effective as the 2 
larger doses in bringing about the observed result. Pteroylglutamic acid, 
on the other hand, was completely ineffective in influencing liver GSH 
levels of tumor-bearing mice. 

Liver GSH determinations carried out at graded intervals, beginning 
3 hours after administration of amethopterin to mice bearing 6-day-old 
tumors, showed that the increase in liver GSH became apparent at about 
12 hours and was strongly evident at 15 and 18 hours after injection. 
Amethopterin had no effect on liver GSH levels of normal mice. 

With the observation that the liver GSH levels of mice bearing large 
growths of L4946 were lowered and that amethopterin reversed this 
effect, experiments were next carried out to study the relationship between 
tumor growth and liver GSH and ascorbic acid levels, on the one hand, 
and the influence of amethopterin, when administered at successive stages 
of growth, on the other. The tumor was transplanted to a large group of 
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female mice on day zero. On the second post-transplant day a portion 
of the mice received 3 mg. per kg. of amethopterin and an equal number 
were given an equivalent volume of Locke’s solution. The mice were 
killed on the 3rd post-transplant day, 18 to 20 hours after treatment. 
The same procedure was followed on the 4 succeeding days. Non-tumor- 
bearing mice served as normal controls for the liver assays. Results are 
shown in text-figure 1 and table 1. 
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DAYS AFTER TRANSPLANTING 


Text-FIGURE 1.—Relationship between tumor growth and liver glutathione levels of 
untreated and amethopterin-treated mice. Broken arrows indicate direction of 
change for amethopterin-treated mice; solid arrows indicate trend in untreated mice. 
Values shown are means for 12 mice in each group on days 3, 4, and 5, and 8 mice on 
days 6 and 7. Liver glutathione concentrations of 48 normal mice averaged 502 
uM per 100 gm. 


An inhibitory effect of amethopterin on tumor growth was readily 
detectable in animals treated 2 days after transplantation. Following 
single treatment with amethopterin on succeeding days, tumor growth was 
seemingly completely halted; the volume of cells, however, did not appear 
to decrease appreciably. 

An effect of tumor growth on liver GSH did not become evident until 
after the 4th post-transplant day, when the levels began decreasing. The 
downward trend continued for the remaining 2 days of the experiment. 


* There appeared to be a sex difference in the growth of the tumor. Six days after transplantation, the ascitic- 
cell volume of female mice was invariably greater than that of male mice, and liver GSH levels were lower. More- 
over, amethopterin had a somewhat greater effect in raising liver GSH levels of female thanof male mice. Females 
were therefore used in later experiments. 
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Amethopterin had no distinct effect on liver GSH levels during the early 
stages of tumor growth. When administered on the 5th day of growth, 
at which time the GSH content had become somewhat lowered, there was 
a marked rise above normal in liver GSH. The same effect was evident 
following treatment on the 6th day. Maximum differences between 
liver GSH concentrations of treated and untreated mice were usually 
found on the 7th post-transplant day. 

In contrast to the changes observed for GSH, liver ascorbic acid levels 
of untreated, as well as amethopterin-treated, mice remained essentially 
unchanged during tumor growth. Liver weight, expressed as percent 
total-body weight, remained normal until the 7th post-transplant day, 
increasing about 20 percent for both control and experimental groups 
at that time. 


TABLE 1.—Effect of tumor growth and amethopterin on liver 
weight and ascorbic acid* 











Day after ; 
7 Liver ascor- , ‘ 
Treatment transplan- . . Liver weight 

rae bic acid 8 
3 98 (8) 104 (12) 
4 97 (8) 97 (12) 
Control 5 93 (8) 104 (12) 
6 95 (8) 105 ( 8) 
7 87 (8) 121 ( 8) 
3 101 (8) 100 (12) 
4 100 (8) 98 (12) 
Amethopterin 5 101 (8) 103 (12) 
6 104 (8) 101 ( 8) 
7 102 (8) 118 ( 8) 














*All values expressed as percent normal. Numbers in parentheses indicate the 
number of animals. Average values for normal contro] animals were as follows: 
liver ascorbic acid. 203 4M per 100 gm. (40 mice); liver weight, 5.22 percent body 
weight (51 mice). 


If it is considered that the decreases in liver GSH of untreated tumor- 
bearing mice were related to the growth of the tumor, and that the eleva- 
tions which followed administration of amethopterin were events secondary 
to the inhibition of tumor growth, then it might be expected that the 
agent would decrease rather than increase liver GSH levels if administered 
to mice bearing tumors dependent on it for optimal growth. This possi- 
bility was tested in mice bearing leukemia L1210/AM-D, a tumor de- 
pendent on amethopterin for optimal growth (13). Mice bearing the 
tumor were divided into experimental and control groups. The former 
received 3 mg. per kg. of amethopterin intraperitoneally every other day, 
beginning with the Ist day after transplantation; the latter were given 
equivalent volumes of Locke’s solution. All mice were sacrificed on the 
7th post-transplant day. As shown in table 2, liver GSH levels of 
amethopterin-treated mice decreased appreciably below both control 
and normal values. 
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TABLE 2.—Effect of amethopterin on liver GSH of mice bearing 
L1210/AM-D ascitic tumors* 











Treatment Liver GSHt 
»M/100 gm. Percent 
normal 
ESE renee en renee 508 (6) 96 
Amethopterin.............. 316 (6) 60 











*Carried out with (C X DBA)F; mice produced in the NIH animal colony 
by crossings of the specific sublines B/A/L/B/CAnN and DBA/2JN, using 
line F of L1210/AM-D, transfer generations 55 to 70. 

tAverage results of 2 experiments on total number of mice indicated in 
parentheses. Mean liver GSH of 6 normal mice was 528 uM per 100 gm. 


The influence of several other agents on liver GSH levels of mice 
bearing 6-day-old growths of L4946 is shown in table 3. Each experi- 
ment included a group of mice treated with amethopterin as the standard 
agent, as well as a control group of untreated tumor-bearing mice. Re- 
sults are expressed as the percentage ratio of liver GSH in treated as 
compared to untreated mice. 


TABLE 3.—Influence of several compounds on liver glutathione levels of mice bearing the 
ascitic form of lymphocytic leukemia L4946 




















Experi- No. of | Total Route of} Liver 
ment Treatment* mice dosaget injection) GSH 

Mg./kg. Percent 

control 
1 a 3 375 LP. 150 
Ethionine + amethopterin...... 3 375 + 15 a A 260 
De ae 3 15 a J 207 
2 Nooo ecn wee eanees 3 75 8.C. 90 
6-Mercaptopurine.............. 3 75 8.C. 126 
2,6-Diaminopurine.............. 3 75 8.C. 108 
pS ee err 3 3 it J 207 
3 oad aia alae acs wis a a 3 27 Le. 125 
Azaserine + amethopterin...... 3 27 + 15 a 174 
er re rrr 3 15 be A 185 
+ Ss. dx a ieiaiecncenione ean 6 1000f 8.C. 102 
Ee re 6 3 8.C. 164 
5 | SR eee meri ae 6 30t 8.C. 176 
pT rere 6 3 LF. 174 




















*Compounds were kindly supplied as follows: Amethopterin and 8-azaguanine, Lederle Laboratories Division, 
American Cyanamid Co.; 6-mercaptopurine and 2,6-diaminopurine, Wellcome Research Laboratories; 6-azauracil, 
Dr. Arnold D. Welch; 4APP, Dr. Roland K. Robins. 

tAdministered in a single injection 18 to 20 hours prior to sacrifice unless otherwise indicated. 

tIn divided doses at 20 and 10 hours prior to sacrifice. 

§4-Aminopyrazolo (3, 4-d) pyrimidine. 


Ethionine slightly increased liver GSH levels of tumor-bearing mice 
and potentiated the action of amethopterin, thus paralleling its action on 
survival times of mice bearing the solid form of L4946 (14,15). 8-Aza- 
guanine, 6-mercaptopurine, and 2,6-diaminopurine have no effect on 
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liver GSH, nor on survival time and tumor size of mice bearing the solid 
form of the tumor.’ 4APP, which inhibits growth of L4946,° distinctly 
increased liver GSH levels. — 

In the action of only 1 compound did there appear to be a discrepancy 
between inhibition of the growth of the solid tumor and effect on liver 
GSH of mice bearing ascites growths. 6-Azauracil has been found by 
Hakala et al. (16) to inhibit growth of the solid form, while no effect was 
noted on liver GSH levels. Since the maintenance of adequate tissue 
levels is of major importance in the inhibitory action of 6-azauracil, the 
negative effects on liver GSH may perhaps be related to the dosage and 
timing of administration of the compound. 


Discussion 


Decreases in the glutathione content of the liver have been observed 
following various experimental conditions, including total-body X irradi- 
ation (17), physical stresses (18,19), and nutritional deficiencies (20-22). 
While the over-all effect of decrease in liver GSH would therefore appear 
to be nonspecific, it seems likely that the mechanisms involved in bringing 
this about may differ. 

The decrease in liver GSH which follows exposure to cold and restraint 
occurs very rapidly, while regeneration of GSH is a much slower process 
(18). Register (23) showed that the same changes in liver GSH could be 
elicited with epinephrine, and suggested a sympathoadrenal mechanism 
as one of the factors regulating GSH levels in the liver. Perhaps this may 
be the mechanism involved in bringing about liver GSH decreases follow- 
ing physical stress. The decrease in liver GSH associated with nutritional 
deficiencies, on the other hand, seems more likely to be the result of a 
diminished rate of synthesis. 

In the present experiments, decreases in liver GSH did not become 
apparent until the tumors had reached a critical size. Moreover, there 
was marked and rapid overshooting of normal levels upon suppression of 
tumor growth. These data are interpreted as indicating an increased 
requirement for GSH from the liver during tumor growth, accompanied 
by an increased output by the liver. In the earlier stages of growth, the 
supply keeps up with the demand and there is no net change in liver GSH 
levels. As the tumor becomes sufficiently large, however, demand out- 
strips supply, and liver GSH levels begin to fall. The inhibition of growth 
brought about by amethopterin lessens the requirement for GSH, and the 
markedly increased output by the liver, previously masked by rapid 
utilization, is manifested by an elevation above normal levels. 

Decreases in sulfhydryl levels of serum and plasma have previously 
been shown to occur in neoplastic disease (24,25) and following X irradia- 
tion and surgical trauma (26). It was suggested that the decreases were 
indicative of an increased rate of utilization of sulfhydryl groups during 
tissue proliferation, with the plasma serving as an immediate source of 


7 Unpublished data. 
§ Unpublished data of Dr. 8. E. Reaume. 
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sulfhydryl groups for tissue requirements and being replenished in turn 
from some sulfhydryl source (25). It would be of interest to determine 
whether there is a relationship between decreases in plasma protein-bound 
sulfhydryl groups and liver GSH levels during tumor growth. 

Amethopterin apparently has no effect on cellular GSH, as indicated by 
its inability to change GSH levels of either leukemic cells or livers of normal 
mice. Thus, although the experiments indicate increased utilization of 
GSH during growth of the leukemic cells, they shed no light on the question 
of an altered concentration of GSH in individual cells. 

There appeared to be close correlation between the action of several 
chemotherapeutic agents on tumor size or survival time of mice bearing 
solid growths of L4946, on the one hand, and their effect on liver GSH 
levels of mice bearing ascitic growths of the tumor on the other. Measure- 
ment of their influence on liver GSH levels of tumor-bearing mice may 
therefore provide an auxiliary index of the efficiency of carcinostatic 
agents. The method may have particular application where the supply 
of agent is limited. 


Summary 


The influence of tumor growth and of amethopterin administration on 
glutathione levels of liver and tumor cells was studied in mice bearing 
rapidly growing lymphocytic leukemias in ascitic form. Amethopterin, 
administered about 1 day prior to sacrifice, had no effect on glutathione 
levels of the leukemic cells. Growth of the tumor was accompanied, in 
the later stages, by a progressive fall in liver glutathione levels. When 
administered to mice bearing large growths of the tumor, amethopterin 
inhibited growth and produced a marked rise in liver glutathione above 
normal levels. It is suggested that there was an increased requirement 
for glutathione from the liver during growth of the tumor, accompanied by 
an increased output by the liver. 

The influence of several chemotherapeutic agents on liver glutathione 
levels of mice bearing ascitic growths of L4946 paralleled their known 
influence on tumor size and survival time of mice bearing solid growths 
of the tumor. 
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